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1ST R0DUCTI OR 
Recent advances In insect control have been made 
by notable Improvements In methods of application as 
well as by use of new chemicals* 
Before World War II few entomologists, and far 
fewer leymen, were familiar with the then meteorolog¬ 
ical term, "aerosol,* used to describe suspensions of 
liquid or solid particles in a gaseous medium* Today, 
most laymen would be at a loss to define the term, yet 
nearly all will recognize that an insecticide applied 
as an aerosol is extremely effective* 
Several devices operating on different principles 
were developed during the war period for generation of 
aerosols* There was the "bomb" from which aerosols 
were generated from solutions forced by compressed 
gases through small orifices* Aerosols were also pro¬ 
duced by apreying solutions on hot surfaces* The 
resulting vaporised materiel condenses into droplets 
whose median size can be varied* Other familiar means 
of comminuting liquids to particles of aerosol size 
are by spinning disks, pressure atomization or injection 
into hot air jets* So far as is known, each of these 
methods employs solutions or emulsions so that an indi¬ 
vidual droplet consists of a minute amount of insecticide 
in oil ©r water solution or suspension. Such aerosols 
are used to permeate the space in e particular enclo¬ 
sure or to produce a residual deposit. Treatments of 
this kind are made at intervals. 
Aerosols may be used continuously, however. If an 
insecticide of low volatility such as DDT is vaporized 
r 
continuously. A device for this purpose was developed 
In England during World War II. It was Introduced into 
the United States in 1947* It consisted of a small cup 
of Insecticide Inserted in a metal block which could be 
held at a desired temperature by a thermostatically con¬ 
trolled electrical heating element. Exploitation of the 
American version of this device necessitated the acqui¬ 
sition of data regarding effectiveness, hazards, and 
limitations. This information was required for prepa¬ 
ration of promotional literature as well as for submis- 
I I I ! 1 , , .. 
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sion to the various governmental agencies which control 
I i % 4 . , s • • i i t t i . ... ♦. 
the use of Insecticides. 
By the time testing methods had been developed and 
some knowledge had been gained of the properties of 
continuously dispersed aerosols, ODT, which was the 
only insecticide then being continuously vaporized in 
this country, seemed to lose its effectiveness. Shortly 
It became apparent that houseflies had acquired resistance 
3 
to DDT* Since houseflies were the principal peat com¬ 
be ted by this method, search for new insecticides was 
immediately begun* Lindane, first announced in 1949, 
was found surprisingly effective when vaporised contin¬ 
uously* Invest!ration subsequently revealed that its 
effectiveness was due in large part to the fact that it 
was insecticidal in the gaseous state* An extensive re¬ 
search program was initiated to show the hazards and 
utility of continuously vaporized lindane as a means of 
insect control* Simultaneously, in anticipation of 
Undone-resistance, other insecticides were evaluated. 
At the present time vaporization of insecticides 
for the control of small flying insects in enclosures 
Is widely accepted* It is estimated that there are 
presently In use in the United States nearly a million 
devices which can be heated to disperse insecticides* 
A surprisingly large number of such •heaters1* fall to 
mmt minimum recommended standards of the United States 
government for thermal generators (Interdepartmental 
Committee on Pest Control 1951)* The insecticides which 
are presently marketed for vaporisation, xxa;uely DDT, 
methoxychlor, and lindane ere poisons* Glib use of 
terms such es "completely harmless* or "non-toxic" 
demonstrate ignorance or callous disregard for the safety 
4 
of hastens and their pets. Malpractice of this sort may 
wall lead to legislative prohibitions against all vapor* 
izsrs, good or bad. But outlawing the better vaporizers 
would be a case of "two wrongs to sake a right*” A 
properly constructed end operated vaporiser provides 
a metnod of controlling small flying Insects In snail 
commercial establishments which combines safety, economy, 
and effectiveness to a gro tor degree than does any other 
method within the capabilities of the average operator 
of a small business* 
The overall purpose of this research, the firat 
comprehensive study of the subject, has been to enlarge 
our knowledge of the hazards, effectiveness, and utility 
of continuously vaporized insecticides* The information 
presented will provide reference materiel for entoxaolo* 
gists, Public Health officials, regulatory authorities, 
and Industry* Also, it my serve to point out gaps In 
our knowledge which can be investigated in further re* 
search* 
5 
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TSHICtMOLOGY* 
Continuous Taperlzotion Distinguished from Other 
Means of Insectlelde Dispersion* During 1951 and 1952 
continuous vaporisation by beet became a relatively 
common method of dispersing insecticides for the con¬ 
trol of snail flying insects within commercial eatab- 
liso&enta (Sweefcsmn end Speer 1952, Speer 1952, Committee 
on feat!cides 1952)* Discontinuous vaporisation of in¬ 
secticides, however, has bed wide application In the 
control of insects both Indoors and outdoors* 
Thermal fog generatore (Glasgow 194S) employ vapor¬ 
isation to produce insecticidal fogs. In this case large 
amounto of the insecticide ere rapidly vaporised so that 
the eir being treated is super-saturated and the insect¬ 
icide condenses to produce an aerosol. 
Other materials such as naphthalene (Whitcomb 1935) 
end azobenzene {Blcuvelt 1945) have been used for the 
control of pests in greenhouses. Such materials are 
heated in special pens or by being placed on steam 
pipes* 
Another common example of vaporization in insect 
control is the use of naphthalene or pared!chlorobenzene 
6 
for the control of wool peats In homes* In this ease 
there is sufficient heat at ordinary room temperatures 
to volatilise the insecticide but effective control of 
pests is obtained only by thoroughly confining adequate 
amounts of the vapor to the area being treated (Header* 
son 1952)* 
These methods ere quite distinct from that in which 
insecticides are continuously being vaporised Into a 
room or other enclosure without Interference with normal 
activity* Continuous vaporization disperses the insect!* 
aide as a vapor or as an aerosol* In either case adjust* 
meat of the rate of evaporation to the volume of air 
being treated permits establishment of a concentration 
of insecticide which is lethal to insects without being 
dangerous to humans* Thus continuous control and proven* 
tlon of insect pests may be achieved without interference 
with normal activity in the space being treated* Cnee 
a vaporizer is properly in operation it requires but 
occasional attention* It may be seen that vaporization 
la distinct from other means of applying insecticides* 
When properly employed, vaporization requires no special 
procedure to confine gases and to protect life as does 
fumigation (Sweetman 1952)* There are no unsightly 
deposits of oil or dust as from sprays and dusts* Ho 
bKl • 
\ 
- ? - 
labor la involved In the insecticide application nor 
la the covering or removal of food dishes and the like 
which are required in any general spray, dust or fog 
application* Continuous vaporisation la beat distin¬ 
guished from other means of dispersing insecticides by 
t 
its automatic uninterrupted action* 
p 
Continuous Space Treatment* While "continuous 
vaporization* la an adequate description for a method 
of insecticide diaperslon It la unsuitable for depict¬ 
ing a method of insect control* "Continuous space 
treatment" la suggested as an appropriate description 
< -* 
of the method of insect control employed when insecti¬ 
cides ere vaporized continuously into spaces so that a 
concentration of the chemical la maintained which la 
lethal to insects but not harmful to man* 
Tenor Versus Gas* It seems unwise to distinguish 
between "gsa* and "vapor** Both popular and scientific 
writings employ the terms aa synonyms* In the early 
days of science gaseous materials were separated into 
permanent gases which, at that time, could not be lique¬ 
fied and non-permanent gases or vapor which could be 
changed to liquids by reduction of temperature and 
pressure* 
- 8 - 
131616 are two criteria upon which a distinction 
has been made between the terms* The more common 
distinction depends on the best known state in which 
the material exists; that is9 a material is called a 
gas if it is uncouanon for it to exist in a liquid or 
solid state, but it is called a vapor when it is more 
commonly found in the liquid or solid phase* 
A second distinction has been made between vapor 
and gas on the basis of the critical point. The National 
Bureau of Standards (Shepherd 1952) states that a vapor 
is a special kind of gas and employs Webster’s (1952) 
Physics definition: "A gaseous substance*.*at a temper¬ 
ature below its critical point and therefore liquefiable 
by pressure alone.” Daniels (1948) uses a similar defi¬ 
nition: ”A vapor is generally defined as an easily lique¬ 
fiable gas as distinguished from permanent gases such 
as nitrogen and hydrogen which must be cooled far below 
room temperature before becoming liquid at atmospheric 
pressure.” 
Semat (1951) says that the foregoing distinction 
is sometimes made but this author in separate sections 
on the phases of matter in one case uses solid, liquid, 
and gas and in a second case employs solid, liquid, and 
vapor. Gillespie (1931) states that the distinction 
9 
between gee and vapor formerly made with reference to 
the critical point has no particular scientific import¬ 
ance* 
In the past an attempt has been made to restrict 
the use of the term "vapor* to those cases where an 
insecticide such as lindane or FBB, may be used as an 
aeriform without specie! precautions* In this context 
it is distinguished from "gas" which is reserved for 
the conventional fumigants such as HC11 or methyl bromide 
which require extreme precautions for safe use* This 
distinction appears to be designed to cope with prac¬ 
tical problems of fumigation permits end hazard insur¬ 
ance* It is not supported by current use* The Model 
Fumigation Ordinance adopted by the National Board of 
Fire Underwriters and the National Fire Protection 
Association (1939) gives the following definition: 
"The term ffumigant* as used herein shall mean and 
include any substance which by itself or in combination 
with any other substance emits or liberates a gast fume 
or vapor used for the destruction or control of insectst 
fungi, vermin, germs, rodents, or other peats, and 
shall be distinguished from insecticides and disinfect¬ 
ants which are essentially effective in the solid or 
liquid phases** 
10 
The standard of good usage has been defined as 
"the usage generally observed in the writings of the 
best English authors,(Woolley ana Scott 1926), 
Current use in authoritative entomological references 
are Indicated as follows: 
EKTGMA# a publication of the American Associ¬ 
ation of Economic Entomologists (1951-1952) says: 
"Fumigants ere chemicals poisonous to insects 
when employed In the gaseous state," 
The 1952 YEARBOOK of the Department of Agri¬ 
culture includes an article on the Nature and Uses 
of Fumigants, It begins with the statement: 
"Fumigants are chemioala that give off poisonous 
vapors," (Chisholm 1952), 
Three recent textbooks apparently employ the 
terms "gases" and "vapors" interchangeably (Brown 
1951» Shepard 1951# Metcalf# Flint, and Metcalf 
(1951). 
Consequently, the terms "vapor" and *go3" wil^ be 
used synonymously in this thesis, 
THEORY OF YA FOR I&ATIGW, Seasonable familiarity with 
applicable principles of chemistry and physics is 
necessary for an understanding of the process of vapor¬ 
ization and the properties of vapors. The laws of 
IX 
physios and chemistry have been described as concise 
statements of the habits of nature* Because they 
may be applied under conditions which are not always 
ideal, variation from the precise statement of lews 
may occur* Several authors use the term "generaliza¬ 
tions’* as equivalent for rules and laws applying to 
the behavior of matter* Thu^, the laws which are men* 
tinned In the following discussion are understood as 
statements of behavior under ideal conditions* They 
apply, but probably with less precision, to the prac¬ 
tical conditions encountered in vaporization of insect¬ 
icides* Daniels (1948) points to the frequent necessity 
of starting with the simple laws which apply in ideal¬ 
ized systems* Investigation will reveal deviations* 
These in turn my be studied and explained* 
The properties of gases are stated in the follow¬ 
ing gas lows: 
Boyle*s Law - the volume which a given mass 
of a gaseous substance occupies is inversely 
proportional to the pressure under which it Is 
measured, provided the temperature re gains con¬ 
stant (McPherson and Henderson 1927)« 
Gay-Lussacfs or Charles* Law - volumes oc¬ 
cupied by e gives mass of a gas at different 
temperatures are proportional to the absolute 
temperature of the gas, pressure remaining con¬ 
stant* 
12 
The two la^s previously mentioned ere combined 
la the equation: 
¥l . *2*2 
*1 t2 
la which P is pressure, Y is volume, and ¥ is 
absolute temperature* This formula permits cal¬ 
culations to or from standard temperatures end 
pressures, 0° C. and 760 &&• pressure* 
Dalton's Lee of Partial Pressure - the press¬ 
ure exerted by a mixture of chemically Insetlve 
gases is the sum of the partial pressures of the 
individual gases (3em .fc 1951)* In other words, 
each gas of a mixture exerts the same pressure it 
would if it were alone in the space* 
Avogadro*s Principle - all gases occupying 
equal volumes et the same temperature end pressure 
contain equal numbers of molecules* The molar 
volume, that is, 22*4 liters at standard condi¬ 
tions, 1s the volume occupied by one molecular 
weight of gas* From this It may be seen that each 
mole contains the same number of molecules* The 
accepted value of this number, known as Avogadro's 
dumber, is 6.023 x X023 (Daniels 1948)• 
Ideal Oea law - expresses the relation between 
13 
pressure, volume, and temperature* The sathemat- 
leal statement of this la* is: 
p¥ * nBT 
where p is pressure in ataospheres, ¥ is volume, 
n is the number of moles of gas, 7 is the abso¬ 
lute temperature, a ad £ la the gas constant* The 
value for H is stated as 0*08205 liter atmospheres 
per degree mole or 8*314 joules per decree mole 
(Daniels 1948)* This last set of units permits 
calculations in terms of energy* The behavior 
of the vapor of chemicals having very low vapor 
pressarea is generally understood to follow 
closely the ideal gas lew* 
Graham's Law of Diffusion - the rate of diffu¬ 
sion la inversely proportional to the square root 
of the density of the gas* for example, if oxygen 
and hydrogen, whose densities are in the ratio of 
16:1, are compared for rates of diffusion through 
tiny holes, it will be found that hydrogen dif¬ 
fuses 4 times as font as oxygen* 
The Seine tic theory of matter states that the mole¬ 
cules of which substances ere composed are in constant 
vigorous motion* The kinetic theory assumes that in 
gases: 
14 
(1) molecules ere so small that they approx¬ 
imate point masses, 
(2) molecules move at high velocity in straight 
lines9 that is, one may assume that there 
is no interacting force between molecules 
except at contact, 
(3) molecules on colliding with one another do 
not lose velocity bat simply change di¬ 
rection, and 
(4) vapor pressure is due to the Impact of 
molecules on the confining surface. 
According to the kinetic theory of gases, mole¬ 
cules are in rapid motion, collide with perfect 
elasticity and the distances between molecules are 
great compared to their diameters* Gases, however, 
do not always exactly follow these principles of 
the gas laws. At high pressures there is deviation 
from the laws because of the lack of free space 
between the molecules and at low temperatures gas I molecules stick together, otherwise they could not 
be liquefied* As energy (heat) is withdrawn, a 
gas becomes more and more restrained by the forces 
of molecular attraction* At sufficiently low tem¬ 
peratures molecules condense upon each other more 
15 
rapidly than they depart and the gas becomes a liquid* 
In liquids the molecules ere separated by distances 
approximately that of their molecular diameters, and 
in this condition the inter-molecular forces of 
cohesion ere very great* This cohesion permits 
surface tension which distinguishes liquids from 
gases* Both the movement end the rotation of mole¬ 
cules era now decreased* If additional energy is 
withdrawn from the substance, the molecules are drawn 
more and more closely together and cohesion Increases 
rapidly as the inter-moleoular distances decrease* 
The relatively sluggish vibration of the molecules 
permits little or no rotary motion and they arrange 
themselves in formations, depending probably upon 
the polar character of the forces within the group 
of molecules* 
Conversely, if a substance la heated, the kin¬ 
etic energy of each molecule gradually increases* The 
moving molecules increasingly tend to overcome the 
forces which hold them together* The solid expands 
and may become more or less plastic* As energy is 
added the substance melts* ftifch still further heat¬ 
ing the molecules completely overcome the forces of 
16 
cohesion and the substance evaporates, i.e. becomes 
a gas* In this condition molecules are in vigorous 
motion but, because of frequent collisions, move in 
a haphazard fashion* Brownian movement, caused by 
the irregular impact of molecules on small particles, 
is a demonstration of this phenomenon* 
Assuming constant pressure, if heat is added to 
a chemically pure solid at a constant rate, the tem¬ 
perature of the substence rises gradually to a certain 
point* Thin is the melting point, at which the tem¬ 
perature remains constant until the substance is com¬ 
pletely melted* The heat absorbed during the period 
of melting Is the heat of fusion* Tables are avail¬ 
able for many chemicals which give the heat of fusion 
in terms of the calories of heat absorbed in convert¬ 
ing 1 gram of the solid at the melting point to 1 
gram of liquid at the same temperature* Unfortunately, 
such data are available for very few insecticides* 
Having passed the melting point, the substance 
shows e gradual increase in temperature as additional 
heat is supplied* Eventually, the boiling point is 
reached where bubbles form end rise freely* This is 
the temperature at which the vapor pressure just ex¬ 
ceeds the opposing pressure of the atmosphere* Again 
17 - 
the temperature remains constant while the heat 
being supplied is expended in vaporizing the material* 
The heat of vaporization is the heat absorbed in 
changing X gram of liquid to 1 gram of vapor at the 
same temperature* After the substance has changed 
to the gaseous state9 its temperature may be in* 
creased with the addition of more heat* The heat 
of fusion and the heat of vaporization are express 
sions of the energy required to produce the trana- 
* 
formations from solid to liquid to gas* At the 
melting point and the boiling point the entire mass 
undergoes change of state* 
If energy (in the form of heat) is withdrawn, 
,he gas condenses to a liquid and the heat of vapor* 
izatloa is now liberated* Further cooling brings 
the material to the freezing point where the heat of 
fusion is freed* The heat of fusion is utilized in 
the grading of some commercial insecticides notably 
technical DDT* Because of impurities, this material 
melts ov#r such s wide range of temperature, 80 to 
94° C. (Metcalf, Flint, and Metcalf 1951) that ac¬ 
curate comparison between lots is difficult* For 
this reason it is graded by its setting point* This 
temperature is obtained from temperature records of 
18 
DOT os it ie coaled during the change from liquid to 
solid* The insecticide is constantly stirred until 
it sets* If the temperature records during this 
process are plotted against time, the curve drops 
as the liquid cools hut rises briefly to form a 
small peak at about the time the slurry sets before 
dropping again when the solid cools* The maximum 
temperature shown at the peak is the setting point* 
The small rise in the temperature la evidence of the 
heat of fusion which is liberated as the DDT solid* 
iflea* 
VAfOB TO33PfK: OF INSECTICIDES* According to the 
kinetic theory, evaporation is a continual flight 
of molecules from liquids to free space. Similarly, 
molecules escape from solids by sublimation* but at 
a greatly reduced rate* If the space over the insect¬ 
icide is limited, an equilibrium is established so 
that at any given temperature molecules return to 
the solid or liquid materials at the same rate as 
*The process of converting a solid to a vapor and 
back to a solid is sometimes called sublimation* In 
this sense it is analogous to distillation* Sublima¬ 
tion la also defined as the change from solid directly 
to vapor in which case it is analogous to, or a spec¬ 
ial kind of, evaporation. The last connotation is 
employed in this paper* 
19 
they escape, fh© pressure exerted by the vapor 
during such equilibrium is known ss the va%or pre33- 
are, Since the activity of molecules increases as 
heat la added, the vapor pressure increases with 
temperature, Chemical references Hat the vapor 
pressures of a great many compounds* These Include 
data for numerous insectioides, especially those 
commonly called fumigants, but there is a pauelty 
of Information on the newer, residual insecticides. 
The vapor pressured of the latter are very low and 
extresaely difficult to measure (Balson 1947)• Con¬ 
sequently, there la considerable variation in pub¬ 
lished vapor pressure values. This difference is 
illustrated In table 20, which gives two sets of 
data for DDT end lindane. The data of Belaon ere 
generally accepted (Brown 1951, Shepard 1951# Met¬ 
calf, Flint, and Metcalf 1951)* Vapor pressure 
values selected from many sources are shown In graph 
21. 
3 nee the vapor pressure for many modern in¬ 
secticides is ao difficult to obtain, calculations 
end estimations of this value are often resorted to. 
The ideal gas law permits calculations of the vapor 
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SELECTED VAPOR PRESSURES OF CERTAIN INSECTICIDES 
22 
pressure if the amount a of insecticide ©slating in 
vapor fora at vcrloas temperatures ero known. Since 
p la pressure in atmospheres it nasy be expressed as 
P, the vapor pressure in millimeters of mercury, 
divided by the pressure of 1 atmosphere or 760 tall 11- 
/ .• • 
meters of mercury• n, the number of moles, any be 
stated as g, the weight la grama divided by M, the 
molecular weight, Yith these equivalents the Ideal 
gas law is written: 
JS6 
and since Y is 1, the weight In grama per liter la: 
P _ H 
s - f * WT7Z5 
When so written the first fruction on the right-hand 
side of the equation is e variable for each metorled 
at each temperature. The second fraction la the same 
\ 
for all calculations with any one ohemlecl while Its 
denominator la a constant O.Q8205 x 760 » 62.358 for 
all eases. The molecular weight of lindane, 290.65 
divided by 62.35$ Is 4.664* 
The vsj-or pressure in millimeters of mercury is: 
p » (g x T) x IL*..2&iL 
- 23 - 
It will be noted that the fraction in this equation 
is the reciprocal of the second fraction in the equa¬ 
tion for the weight per liter. For lindane: 
—■A -7-- - 0.2X44 
These equations were used for the calculations 
shown in tables 24A and 24B. Table 24A gives the 
calculated weights of lindane existing as a gas on 
the basis of Balson’s (1947) data for gamma hexachlor- 
ocyolohexane. Table 24B shows the derivation of vapor 
pressures on the basis of data given by Fulton (1952). 
If Slade*s (1945) data are used for calculation of 
the weight of lindane which can exist as a gas, the 
results are: 
at 20° C. - 4*8 grams per liter 
at 40° C. - 18.2 grams per liter 
at 60° C. - 76.0 grams per liter 
During tests at 25 to 30° C. in rooms of 1000 to 2500 
cubic feet in which lindane was vaporized within two 
hours at the rate of 1 gram per 750 cubic feet (11,237 
liters) crystalline deposits have always occurred. 
Such results demonstrate that lindane cannot exist in 
vapor form in the amounts suggested by the vapor 
pressures of Slade. 
24 
Table A. Saturation Levels of Lindane Calculated 
from Vapor Pressures of Balson (1947)• 
Temp* vapor Pressure in Saturation Levels 
°Abs* mm* Hg. Grams/ll ter 
283 1.8 x 10-6 
293 9.4 x 10-6 
303 4.4 x 10-5 
313 1.9 x 10-4 
323 7.7 x 10-4 
333 2.8 x 10-3 
343 9.2 x 10-3 
353 3.0 x 10-2 
363 8.7 x 10-2 
{g&^r.E£»aSure x 4.664, 
' Temperature Absolute * 
2.91 X 10-8 
1.45 x 10-7 
6.77 x 10-7 
2.83 x IQ”6 
1.11 x 10-5 
4.03 x 10-5 
1.25 x 10-4 
3.96 x 10-4 
1.12 x 10-3 
Table B* Vapor Pressures of Lindane Calculated 
from Saturation Levels of Fulton (1952)+ 
T«ap. 
°Aba. 
Saturation Level 
Grams per Liter* 
Vapor Pressure 
(Grams x Temp* x 
0*2144 
273 3.2 X 10“8** 1.87 x 10-6 
278 6.4 x 10-®** 3.81 x 10-6 
283 1.31 x 10-7 7*94 x 10*6 
288 2.58 x 10-7** 1.59 x 10-5 
293 5.05 x 10-7 3.17 x 10-5 
298 9# 58 x 10-7** 6.12 x 10-5 
303 1.79 x 10-6 1.16 x 10-4 
308 3.27 x 10-6** 2.15 x 10-4 
313 5.83 x 10-6 3*91 x 10*4 
^Converted from milligrams per 1000 cubic feet* 
**Data obtained by extrapolation or Interpolation* 
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The langmuir effusion mfchod has been used by 
the Julius Hyman Company (1951) to show the volatility 
of dieldrin end cldrin* This method (Weisberger 1949 5 
consists of smoking the sample insecticide into a 
precision bore glass tube which is heated in en oil 
both at various temperatures under relatively low 
vacuum* The results, based upon the cross section 
of the tube, the temperature, and the loss of weight, 
are expressed in terms of grams of toxicant volatil¬ 
ized per square centimeter per second* Assuming 
chemical stability, the volatilization values obtained 
may be used to compare materials of unknown vapor press¬ 
ure with known values* 
A much less precise method for obtaining relative 
estimates of vapor pressure is the heating of the in¬ 
secticide at various temperatures in an open cup* This 
* 
method has been employed experimentally to obtain 
estimated vapor pressures for several insecticides* 
The data for this method are presented under the next 
y -i 
section, "Vaporization Hates for Insecticides** 
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YAP9RXZA T1QH HA® 
Some evidence of the order of the vapor proa sure 
of chemicals can he obtained by reaasurlng the loss of 
weight per unit of time when factorials are heated in 
oais&ereial vaporisers* A isore practical nss of such 
data lies la establishing temperatures for the evolu¬ 
tion of desired eaoants of insecticide* Before an 
insecticide la vaporized for tests of its effective¬ 
ness against Insects, it la necessary to know, at 
least approximately9 what temperatore is repaired 
for the dispersal of e desired amount of insecticide* 
for Insecticides which show effectiveness against 
insects and other qualities which oay permit their 
use on a commercial socle, detailed records for rates 
of evaporation ®t different temperatures become an 
\ 
essential pert of the protocol submitted to govern- 
neat agencies when registration is requested* Bates 
of evolution are a matter of concern to entomologists 
as well as to government and public health officials 
when insecticides are vaporized for insect control 
in areas where humans and their pets are si so exposed 
(Interdepartmental Committee on Best Control 1951, 
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Committee on Pesticides 1952}# the reliability of 
such data is dependent upon aany factors* These 
are discussed under the sections "Variations la 
Vaporization Hates** and "Practical Considerations 
in the 0s# of Vaporizers." 
VAPOEI/JITIOK HATH 5 FOE I&S&CTICI^S* A eois&ercial 
device, the Aerovap, (Sweetman and Spear 1952) was 
used in the accumulation of all records for rates of 
vaporization which are included in this section* 
The Aerovap is the moat suitable Instrument available 
for obtaining such vaporization rates because of its 
accurate thermostatic control, wide range of operat¬ 
ing temperatures, and because the cup has vertical 
walls (Figure 27)* The uniform diameter of the 
Aerovap cup from top to bottom is an important fea¬ 
ture since the exposed surface of the Insecticide Is 
the same whether the cup is 3/4 or 1/4 full* Few, 
If any, other vaporizers possess the above-mentioned 
combination of features* Unless otherwise stated, 
all the data shown in this section were accumulated 
by the use of anodized aluminum cups having a cross- 
sectional area of 50*27 ems* 
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1. Insecticide 
2. Cup 
3« Cast aluminum intermediate receptacle 
4. Band of heating element 
5. Thermostat 
6. Thermostat adjustment stem 
7. Electrical wiring 
8. Thermometer well 
Cross-Section of Aerovap Vaporizer 
For the most part, records tor the determination 
of rates of vaporization were taken from units mounted 
In hoods* Observations of the JsoYesient of cigarette 
smoke Indicate that the amount of draft which existed 
within the hoods did net greatly exceed the air move¬ 
ment due to the convection currents and aorjsal draft# 
p 
which are frequently found In business structures. 
Four measurements of sir movement 12 inches over the 
mouth of an Acrovep device operating at typical tem¬ 
peratures were 30 to JB feet per minute* 
The well temperatures were massored with thermo¬ 
meters inserted into the thermometer wells (Figure 
27# so thet the sensitive bulb was located under the 
center of the insecticide cups* The well temperature 
is 5 to 35° 0* higher than the insecticide temperature* 
In general* liquids shew small differentials between 
insecticide temperature and well temperature* while 
solid materials* depending on their physical proper¬ 
ties* show greater differentials* In a few cases 
» 
temperature records were taken several tisses an hour, 
but typically 2 or 3 records of wall temperatures were 
made daily* 
Weight losses were obtained by weighing the cup 
and contents at intervals with analytical or torsion 
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balances. It is realise! that the weights obtained 
using a hot object ere not accurate, but this method 
was used as it introduced less error fit*a did per¬ 
mitting the eups to cool before they were weighed. 
Weighing the cups while hot also allsairratod the loss 
of heating time which would have resulted had the 
cups been cooled before weighing. It was found by 
experience that cups which were allowed to become 
cool picked up core or less weight apparentXy due to 
adsorbed moisture. Orer 500 cups of insecticide hare 
been berated la the accumulation of these data. Hetay 
were weighed at daily intervals although it few were 
weighed ns infrequently as once a week. 
mm* 
Because it was impossible to weigh nil cups at 
exact Intervals of time iLe weight losses were cal*' 
oulated on a grefS3~lost~s*rr-24-hoiir3 bssJs. This is 
the unit of neesurepeat generally employed in discuss- 
ins vaporization rotes (Intar&e pert meet el Coaadttee 
en Pest Control 1951• Sweetsan and Spear 1952). 
Bate have been selected for the determination of 
the effect of temperature upon the vaporization rates 
of 12 insecticides (Appendix A). In most cases the 
records for the first day of besting were not used 
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because they are often misleading* Evolution of 
adsorbed moisture or volatile impurities may pro¬ 
duce an apparent weight loss far in excess of the 
actual insecticide loss* For the less important 
insecticides only sufficient records were taken to 
give an approximation of the temperature required to 
evolve 1 gram per day* With more important mater¬ 
ials , especially lindane, many records were obtained 
from units running as long as 100 days* Where few 
records are available, all reliable date have been 
shown, but where hundreds or thousands of records 
are available for one material the plotted date are 
characteristic and generally consist of records 
from a single set of machines operating at the same 
temperature* The data shown in appendix A have been 
plotted on logarithmic graphs from which a straight 
line or lines were fitted by eye to represent the 
effect of temperature on rates of evaporation* These 
lines have been assembled on graph 31 together with 
previously determined rates of evaporation for SDT 
and methoxychlor (Spear 1930)* For must materials 
e single straight line was readily fitted to the 
plotted data* With azobenzene, llndune, and sulphur. 
- 31 - 
Grams evolved 
per 24 hours 
VAPORIZATION RATES FOR 14 INSECTICIDES OBTAINED 
WITH ALUMINUM CUP IN AMERICAN AEROVAP. 
Well Temperature °C 
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however. It was apparent that two lines were required 
to represent the data. The change In slope in the 
rate of evaporation occurs at the point where the 
Insecticide melts. As previously discussed in the 
sections on "Theory of Vaporization" and '•Variations 
in Vaporization Bates,” there are several causes to 
which this change in slope stay be attributed. When 
the material is a solid, contact between the material 
end the cup is poor, the pore spaces within the 
solid also reduce heat transmission. At the melting 
point considerable heat la absorbed by the insecticide 
aa heat of fusion. After melting the insecticide has 
intimate contact with the sides of the cup end con¬ 
vection currents within the liquid make the distri¬ 
bution of heat nearly uniform. 
DELATION BETWEEN VAPOR PRESSURE AND BATE OF EVAPORA¬ 
TION. The rates of evaporation shown in graph 31 
tend to follow the order expected on the basis of 
recorded vapor pressures, boiling points, end re¬ 
sidual effectiveness of the materials shown. Rela¬ 
tively volatile materials such as naphthalene, exo¬ 
benzene, and DTDT require much lower temperatures 
for the evolution of a given amount of insecticide 
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than do such materials as DDT, methuxychlar, and 
dleldrin, which are known to have long residual 
value* Unfortunately, there ere little vapor press¬ 
ure data for these materials* However, when the well 
temperatures required for the evolution of 1 gram 
per day as shown In table 34 are plotted against the 
logarithms of recorded vapor pressures for naphthalene, 
ezobenzene, Crag, lindane, sulphur, and DDT (Graph 35)» 
it becomes apparent that there is a considerable degree 
of correlation between vapor pressure and vaporization 
rates* The reliability of such data, based on only 
six points, is small but it may be possible thereby 
to show the approximate order of the vapor pressure 
for materials for which this figure has not been 
determined* Hie estimated values of the vapor press¬ 
ures for 8 materials as determined from graph 35 are 
shown in table J6« 
Hie use of pyrex insecticide cups Instead of 
aluminum cups has recently been made necessary because 
of the shortage of aluminum* Pyrex is relatively in¬ 
expensive, capable of fabrication into suitable con¬ 
tainers within reasonable tolerances, and is little, 
if eny, affected by chemicals likely to be used in 
vaporizers* This last advantage is most Important 
Well Temperatures for Evolution of One Praia 
per Day of 14 Insecticides from Aluminum 
Cups la American Aerovap. 
mrnmtmmmmm mmmm> nmmt — i»i«»i wii mi 
(Source: Graph 31) 
naphthalene 36° 
Azobenzene 71° 
Crag 87*5° 
DK>T 89*5° 
SW 101° 
Piperonyl butoxide 112*5° 
Oitalyl trichloroethene 115° 
Lindane 110° 
DDT (Spear 1950) 131° 
Sulphur 133° 
C3-645A 136° 
Mefchoxychlor (Spear 1950) 141*5° 
Dl el dr In 147*5° 
K-propyl iscsa© 148° 
♦Extrapolated 
CORRELATION OF VAPOR PRESSURES AMO VAPORIZATION RATES 
FOR SIX CHEMICALS. 
°C. well temp, for evolution 
of 1 3ram Per day from Aerovap, Y 
- 36 
Estimated Order of Vapor Pressures Baaed on 
Vaporization Rates at 25° C• 
(Sources: Table 34 and Graph 35) 
Insecticide Estimated Vapor Pressure (P) 
log p F-IaaSrUgT 
DFOT 
-4.1 1.3 X 10-4 
vm —4.6 6.3 X 10~h 
Piperonyl bntoxide -5.4 2.5 X 10-5 
Bitolyl trichloroethane -5.6 4.0 X 10-5 
CS-645A -6*7 5.0 X 10"6 
Methoxyehlor “7.2 3.0 X 10-7 
Dieldrin 
-7.5 7.0 X 
c*-
 
1
 
o
 
H
 
N-propyl isome 
-7.5 7.0 X 10-7 
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because with the aluminum cups if the anodization 
were damaged, chemical breakdown occasionally re¬ 
sulted. Since considerable time was required for 
the production of special cups to fit the Aerovsp, 
a temporary substitute was employed. The substitute 
consisted of a glass cup of standard size which 
fitted freely within the metal cup. This combination 
was called a pyrex liner in an aluminum cup. Subse¬ 
quently, specially manufactured pyrex cups became 
available. Thus, there were 3 types of containers 
in which an insecticide might be heated for vapori¬ 
zation (Figure 36)* 
Because of differences in size, weight, and heat 
conductance among the 3 types of containers, each 
modified the rate of evaporation of a given insecti¬ 
cide at a given temperature. A series of units was 
operated over a range of temperature so that rates 
of vaporization at given temperatures could be com¬ 
pared. Each line in graph 39 is a calculated least- 
squares line prepared from the data in appendices 
B and G. The line for the pyrex liner in the alum¬ 
inum cup below the melting point seems to have too 
little slope. If sufficient data were taken from 
many units between 100 and 120°, this least-squares 
- 38 - 
Insecticide Cups for Aerovaps 
Upper left - Aluminum cup 
Upper right - Aluminum cup with pyrex liner 
Bottom - Pyrex cup 
39 
Grama evolved 
VAPORIZATION RATES OF 
IN ALUMINUM CUPS 
LINDANE FROM ALUMINUM CUIS, PYREX LINERS 
, AND PYREX CUPS IN AMERICAN AEROVAP. 
per 24 hours 
Aerovap well temperature OC. 
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line {pyrex liner in aluminum cup) prohebly would have 
greater slop© and become more or less parallel to 
those lines Tor the other 2 eontainara. The relative 
beet conduct©nee of the 3 containers is reflected in 
the well temperatures required to evolve equal 
f 
weights* Aluminum has high heat conductivity {0*5} 
nod 1 gram per dey ia evolved from an aluminum cup 
©t e well temperature of 110° C* Pyrex has low heat 
conductivity (0*002) and 115° is required to evolve 
1 gram per day* When the Insecticide is heated in a 
pyrex liner In an aluminum cup, additional heat is 
required to evolve the sets© amount of insecticide 
because of the poor heet transfer through the elr 
between the 2 containers. 
The convergence with increasing temperature of 
the lines shove the melting point seems logical as 
they would be expected to approach one another at 
the boiling point* Graph 39 illustrates that rates 
of evaporation must be known for each comb inn t ion of 
heating equipment as well as for each chemical if 
reliable estimates of the amount of insecticide 
evolved are to be made* 
* 41 * 
VARIATIONS 1H VAFOEIZATIQN RATES 
Irregularities in vaporization rates ere a 
cause for concern on the part of many persons con¬ 
nected with the use of vaporized insecticides. The 
public health officer. Interested in the safety of 
the public, desires a fixed rate which can be assessed 
in terms of hazard to humans and their pets. The rep¬ 
utable manufacturer of, or dealer in, vaporizers and 
che*&leels for vaporization is equally Interested In 
stabilized volatilization rates and, in addition, 
must depend on such information in order to establish 
prices and requirements for insecticide replacements. 
Numerous factors have been encountered which 
slightly or seriously effect the rate of vaporization 
of insecticides and such variations may occur continu¬ 
ously or intermittently. Among the factors which will 
be discussed in this section are the following: (1) 
variation in voltage, (2) errors in temperature measure¬ 
ment, (3) variations in the exposed surface of the 
insecticide, (4) ambient temperature, (5) barometric 
pressure, and (6) parity of the insecticide. 
EFFECTS Of VARIATION IN VOLTAGE. Variations in rate 
of avaporstioc from a sup of insecticide heated lx th© 
sajne apparatus at 2 different location# la the city 
of Haw York reported in 1951* The only apparent 
difference in the 2 situations was the source of 
electricity* When the Instrument was oeanected to 
direct currant, the rate of vaporisation was higher 
than when connected to alternating current* In fact, 
the lindane partially melted under the former circus- 
stance hut dll net do so in the letter case* Most 
remarkable war the feet that the well temperature, 
as measured (see sec tier *Ex*rcrc in Tearpereture Measure* 
meat, pt$s 51) wsa the sire in both loertioos* Only 
the difference lr. the ©curse of electricity could he 
detected &s the cense fc?r the different fcchtrior# The 
roltege of the alternating current was shout 115 volts 
while* that of this direst current wan ©bout 130 volts* 
In an attempt to discover the esua© for thin vc.r* 
list ion, several Hjhss of investigation were followed* 
Consul tatdona with organic sad physical cheat at a 
ruled out aay poor* ibis effect on the insecticide 
ofyetela nosh nn internal heeting due to the effect 
of direct current upon tha dielectric properties of 
the Insecticide* Mo such pJiemmenoii ia known and the 
insulating qualities of the aluminum coating and the 
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pyrex Insecticide container would prevent any appre¬ 
ciable magnetic effect to be displayed within the cup 
of Insecticide** 
The effect of voltage was investigated by heat¬ 
ing Aeroveps at 90f 115, and 130 volts, ^©ae volt¬ 
ages are nominal and were not measured. Direct cur¬ 
rent was used at 130 volts end alternating current 
at 90 and 115 volts. Well temperatores and insecticide 
temperatures were recorded at frequent Intervals as 
shown in graphs 44, 45, and 46. The times required 
for the well temperature to reach its first peak after 
starting at room temperature with 90, 115, cud 130 
volts were 53, 20£, and 6 minutes respectively. Using 
one instrument it was found that alternating between 
115 and 90 volts resulted in a temperature differen¬ 
tial of 2 or 3° 0. as measured by a dial thermometer 
in the well (Graph 44)* The higher voltage produced 
the higher well temperature. 
With direct current at 126 to 130 volts and with 
alternating current at 110 to 120 volts, 2 aluminum 
♦information received since this section was prepared 
indicates that direct current may cause more rapid 
deterioration of the thermostat than does alternating 
ourrent. 
M
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jemp. 
WELL TEMPERATURE AND INSECTICIDE TEMPERATURE IN 
AEROVAPS CONNECTED TO 115 VOLTS ALTERNATING 
CURRENT AND 130 VOLTS DIRECT CURRENT. 
voltages are nominal 
- 46 - 
EFFECT OF VOLTAGE ON TOLL TEMPERATURE OF A VAPORIZER. 
Well 
Temperatures shown are maximums of cycles for one 
Model C-20 Aerovap with Type SA thermostat. 
temp. °C. 
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cups of fresh lindane were heated In Aerovapa already 
set at 110° with alternating current, The unit oper¬ 
ating on alternating current reached a peek tempera¬ 
ture of 116° in 25 minutes and the cup temperature 
reached a peak of 95° in 28 minutes (Graph 45)* When 
this same instrument was then switched over to direct 
current, the general level of well temperature was 
increased slightly but the variation shown by the 
thermostatic control seemed to Increase continually* 
likewise, the cup temperature Increased somewhat* 
Where there was a temperature differential between 
well and cup temperature of 19° using alternating 
current, the differential was reduced to about 16° 
using direct current* When the second Instrument, 
previously adjusted to 110° well temperature using 
110 volts was turned on with 130 volts, the heating 
was extremely rapid and a peak well temperature of 
132° was reached in 6 minutes (Graph 48}* A high of 
nearly 108° in the cup temperature was registered 9 
minutes after starting* Both temperatures gradually 
decreased end leveled off with a cup temperature of 
96*5° end a well temperature at 10?°* When this unit 
was switched over to alternating current, both cup 
and well temperatures dropped end leveled off with a 
°c. 
HO 
120 
100 
80 
60 
40 
20 
WELL TEMPERATURE AND INSECTICIDE TEMPERATURE IN AEROVAPS 
CONNECTED TO 130 VOLTS DIRECT CURRENT AND 
115 VOLTS ALTERNATING CURRENT. 
voltages are nominal 
_1_ 
30 
Minutes 
60 
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well temperature of 105° and a cup temperature of about 
92.5°* A third instrument adjusted to 120° in the 
laboratory, was next heated with 130 volts direct cur¬ 
rent* The tiiae for reaching the peak temperature was 
not recorded but when the temperatures had leveled off 
the well temperature was 124° and the cup temperature 
104°# Subsequently, on the some day with the sene cup 
end the same machine, but using 115 volts, the well tem¬ 
perature averaged about 119*5° and the cup temperature 
about 103.5°# 
When SO2S0 of the foregoing data are considered there 
seem to be some very clear relationships. For example, 
the time required to reach a peek temperature is obviously 
in inverse proportion to the voltage employed* Also there 
appears to be a very clear relationship between the well 
temperature end the differential between well temperature 
end cup temperature. With higher well temperatures the 
cup temperatures or the temperature of the insecticide 
being heated is Increased less rapidly then is the well 
temperature. This probably holds true only so long as 
the materials remain in the crystalline state wherein heat 
transmission is very poor* 
The significant fact to be noted from this study 
is the great increase in speed of heeling caused by 
greater voltage. This would give a reasonable ex- 
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planstlon for many of the difficulties encountered la 
obtaining consistent vaporisation retea at any given, 
or at several, temperatures# It is well known that 
the voltage varies greatly in the laboratory (Fcraald 
Hall)# Ihe variation stay be fro* 105 to 120 volte ia 
the opinion of University electricians# For example, 
p 
on & weekend when there is negligible load on the 
Urea, voltege would be high, he&ting of the cup would 
be rapid, end the side wells of the unit would actually 
be hotter than on a working day when the voltage would 
be low and the wells of the unit would not gat so hot# 
Such variation is possible because of the "overshoot* 
of heating which occurs between the activation of the 
thermostat end the breaking of the electrical contact# 
By reference to figure 27 it stay be seen that the heet- 
Ing band surrounds the vertical walls of the canting 
while the thermostat and the site for registering the 
well temperature are at the center of the bottom of 
the casting# The heat produced by the long initial 
period of heating continues to flew to the bottom of 
the casting (and to the insecticide) after the thermostat 
begins to open# This continued flew of heat causes the 
initial excess peak of temperature above the subsequent 
operating level which is noted when an Aerovap is first 
- 51 - 
turned on. It is also responsible for the higher 
rate of evaporation from units operating on high 
voltage, for the surge of heat causes a small "over¬ 
shoot” in the well temperature on each cycle of the 
thermostat. This "overshoot” in temperature probably 
accounted for the melting of lindane crystals with 
direct current while it did not melt with alternating 
current. 
ERRORS IN rEMRERATURE MEASUREMENT. Several types of 
thermometers were used in measuring temperatures (Fig¬ 
ure 52). Conventional glass mercury thermometers 
reading from 0 to 150° C. were used in most cases. 
These thermometers, measuring 12 by 0.25 inches over¬ 
all are awkward to carry or to use and many are broken 
in normal field usage. However, they have many advan¬ 
tages. They are commercially available calibrated 
for 3-inch Immersion and the thermometer well of the 
Aerovap is of such a length that when the immersion 
line is placed at the outer edge of the Aerovap the 
thermometer bulb rests against the center of the bottom 
of the cup. The weight of the long exposed portion of 
the thermometer tilts the outer end down and the bulb 
actually contacts the bottom of the cup. This contact 
is, of course, at but one point and the remainder of 
Thermometers used for measuring well temperatures 
in Aerovaps, from left to right; Weston bayonet, 
pocket, and laboratory. 
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the bulb only contacts the air within the thermometer 
well* Such long thermometers ere awkward because 
the thermometer well on Aero raps la located at an 
angle of 135° at the right of the center axis of the 
device as seen from the front. Since the opening of 
the thermometer well is but 9 inches from the back 
of the wall plate there is scarcely room for Intro¬ 
ducing the thermometer* 
Because of the awkwardness and fragility of the 
Ion? glass thermometers* metal-stemmed dial thermom¬ 
eters of the Weston type were tried. The standard 
form of this thermometer has a stainless steel stem 
8 by 0.14 Inches* within which s metal element actu¬ 
ates a needle point on a circular graduated dial 1.75 
inches In diameter. Thermometers of this type ap¬ 
peared to be so convenient and easily read that 
special ones were made up In which the length of the 
steel stem was reduced to 4 inches. After some per¬ 
iod of time it was discovered that these thermometers 
were not reliable. Apparently* strains on the stem 
which occur when the thermometer is forced into the 
well* or which may occur in carrying these thermometers 
about are sufficient to cause errors of as much as 
15° C. For a time these thermometers were corrected 
at frequent intervals according to the temperatures 
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each showed when In boiling water. This practice was 
not deemed practical for field use and the use of 
metal thermometers ceased. 
After the metal stemmed thermometers were dis¬ 
carded a special short stemmed glass thermometer was 
adopted. This thermometer has an overall length of 
6.5 inches, is graduated from 90° to 150° C., and has 
a lens front facilitating easy reading. It is pro¬ 
vided with a metal carrying case with clip which con¬ 
veniently fits a coat pocket. The outside diameter 
of the glass tube is about 0.25 inch and the bulb has 
a diameter of 0.19 inch. The difference in diameter 
prevents the mercury bulb from actually contacting 
the bottom of the cup so that in this case the temper¬ 
ature measured is that of the air under the center of 
the cup rather than that in contact with the cup. 
A fourth type of thermometer, a 12 Inch paper 
scale thermometer reading from 0 to 200° C. was briefly 
used for measuring the temperature of the insecticide 
within the cup. This type of thermometer was used in 
this case to eliminate the effects of convection heat 
on the stem of the thermometer. 
Callendar (1946) describes the various changes of 
zero which may occur in mercury thermometers. A secular 
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rise of zero may be due to the me of *greenH glass 
tubing. This aberration is virtually eliminated by 
the use of an annealing process. A temporary de¬ 
pression cf zero with subsequent very slow recovery 
stay occur after the thermometer has been exposed to 
temperatures in the vicinity of 100° C. Such depres¬ 
sion my be from 0.1 to 0.5 degree9 depending on the 
hardness of the glees. For higher temperatures the 
depression increases approximately as the square of 
the temperature above 0° C. 
While the foregoing factors are of importance in 
accurate laboratory work, the human factor probably 
contributes much more to the inaccuracies of tempera¬ 
ture measurement in the field. Much patience is 
required to Insure that an accurate measurement is 
made. Mistakes may be made in reading temperatures 
from thermometers located in instruments which are 
difficult to reach. The Interdepartmental Committee 
on Pest Control (1951) has recommended that thermal 
generators be placed above head height. In complying 
with this suggestion it is often necessary to place 
the vaporizers much higher la order to find a suitable 
place for attaching them to walls. Such units may be 
very difficult to reach* In devices In which there is 
considerable cycling, as the thermostat opens and 
breaks contact, the maximum temperature is read* 
Observing the mercury column at the moment it reaches 
its maximum is increasingly difficult as instruments 
are hard to reach* Another source of variation is 
found in the Insertion of the bulb in the thermometer 
well. A large bulb may contact the cup while a small 
one does not* Also, a large thermometer stem may 
raise the cup permitting air to pass through the well 
so that lower temperatures are read than if the cup 
were properly seated* 
VARIATIONS IN JHE EXPOSED SURFACE OF THE INSECTICIDE* 
thea crystalline lindane la first placed In an insect* 
iclde cup for heating, the maximum surface is available 
for loss of molecules of lindane due to the action of 
heat* The surface exposed In this case is very nearly 
the sum of the surfaces of all the individual crystals* 
The mass is in direct contact with the aides of the 
cup, which in the case of the Aerovap is the hottest 
surface and this oontaot permits rapid transfer of 
heat to the crystals* Under these conditions, with 
the relatively large surface exposed and good heat 
transfer to the lindane, the rate of vaporization is 
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highest* This observation is confirmed by experi¬ 
ment©! results* 
During the initial period of heating of two or 
three days, the crystals gradually coalesce* Aa a 
result the area from which molecules aay escape la 
greatly reduced. The total surface et this time is 
more nearly that of a mass as a unit9 rather than of 
its individual ports, aa formerly* At this time the 
insecticide remains, in part at least, in contact 
with the side of the cup. Thus, heat transmission 
is good and rate of evaporation remains fairly high, 
although less than in the first instance* 
With continued heating the diameter of the mass 
gradually shrinks, leaving a small space between the 
insecticide crystals end the container* This small 
space develops as the lindane is rapidly evaporeted 
from the sides of the mass which contact the hot cup 
walls* However, if the insecticide is being he ted 
in a glass cup in an Aerovap at a well temperature of 
about 120°, slight salting occurs* The liquid lindane 
tends, by capillary action, to fill the small space 
between the insecticide mesa and the walls of the 
cup as well as any remaining interstices in the lin¬ 
dane cake* The reduced heat transmission and the 
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relatively small surface of the total mss which is 
exposed contribute to decreased dally weight losses. 
Eventually, after heating of a week or ten days, 
contact between the insecticide mass and the sides of 
the cup is finally lost end meltins ceases, except 
for an occasional meltin* from the bottom surface of 
the suiss. As melting ceases the mesa of solid insect¬ 
icide appears to undergo a transference or a realign¬ 
ment of crystalline structure, When such realignment 
has occurred close examination shows the surface of 
the mass of Insecticide to be lattice-like in nature 
so that small sheets and cross bars of the insecticide 
are separated by tiny air spaces. Ihis structure 
present a e very large surface from which molecules 
may escape. Although the heat, received at this time 
is much less than formerly the increase in surface 
exposed permits an Increase In rate of evaporation. 
Apparently, the most efficient vaporisation occurs 
when the lindane mass la heated at the highest temper¬ 
ature which can be obtained without malting. 
In table 59 arbitrary values on e 10 point scale 
are used to Indicate the estimated effect of heat re¬ 
ceived and surface exposed by lindane in an Aerovap 
cup at a temperature which permits slight melting on 
59 
Stages in Lindane Vaporization and 
Hypothetical Vaporization Index* 
Stages Days Trans- Surface Yeper¬ 
mission Exposed lzation 
of Heat Index 
1 
2 
3 
4 
5 
6 
7 
6 
loose crystals con¬ 
tact bottom and 
sides of cup 
1 9 9 18 
cake contacts side of 
cup and liquid at 
sides and bottom 
2 10 5 15 
cake free of sides but 3-4 
liquid at aides and 
bottom 
9 5 14 
cake free of sides and 5-7 
liquid contacts bot¬ 
tom only 
7 7 14 
cake free of sides no 
liquid interstices 
developed 
8-20 6 10 16 
same as stage 5 but 
oake decreasing in 
size 
21-40 5 8 13 
same as stage 6 41—60 4 6 10 
same as stage 6 61-90 3 4 7 
60 
the second day of heating* Such a temperature is 
secured with an Aerovap using an aluminum cup at 
114° C*, with a pyrex liner in an aluminum cup at 
about 121° C*, and with a pyrex cup at about 118° C. 
The effect of heat and surface exposed9 which are 
the principal factors affecting evaporation, are 
combined to represent the rate of vaporization* Al¬ 
though hypothetical figures, these last estimates 
closely approximate the curves for actual weight 
loss from a cup of lindane (Table 61 and Graph 62) 
continuously heated and weighed at intervals* 
A consideration of the effect of heat and sur¬ 
face exposed also contributes to an understanding of 
the irregularity of the curve of weight losses 
plotted against temperature* The change in the 
slope of the curve at the melting point is easily 
explained by the change in surface exposed ss the 
lindane goes from solid to liquid state and because 
the liquid makes intimate contact with the hot sides 
of the cup* Probably, if sufficiently precise 
records were available, the curve would be found 
to dip just below the temperature at which appre¬ 
ciable melting occurs* 
The problem of variations in surface exposed is 
61 
Dally Weight Losses of Lindaae Heated la 
One Pyrex Cup at 118 ^ IQ C. Well 
Temperature Registered by 
Recording Thermocouple* 
Day Weight Loss Well Temperature 
1 1*0195 117 
2 0.8680 117 
3 0.8856 
4 0.8856 
5 0.8856 117 
6 0.7602 117 
7 0.7546 117 
8 0.7819 117 
9 1.0094 118.1 
10 1.0397 
11 1.0397 
12 1.0397 118.25 
13 1.0181 118 
14 0.9691 118 
13 0.9950 118.75 
16 0.9547 118.75 
17 0.9446 
18 0.9446 
19 0.9446 118.75 
20 1.0288 118.5 
21 0.9936 118.32 
22 0.9191 118.4 
23 0.9915 118.1 
24 1.0123 
25 1.0123 
26 1.0123 118 
27 0.9158 117.85 
28 0.9107 117.65 
29 0.9233 118 
30 0.9475 118 
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i»eply unique with lindane. Other insecticides which 
have shown possibilities for use in vaporizers melt 
before they get hot enough to evolve 1 gram per day 
from a 50 square centimeter surface* Convection cor* 
rents within the insecticide itself are clearly shown 
by circulating particles* Such movement serves to 
distribute heat within the cup so that the entire 
mass Is at nearly the same temperature* The differ-* 
ential between the tempersture in the well and that 
of a liquid insecticide is slight as compared to the 
differential which exists when the insecticide la a 
solid* A number of measurements were m&de to deter-* 
mine the difference between the temperatures in the 
well and in the insecticide* With DDT the difference 
is 12 to 15° C*t while with crystalline lindane the 
difference is 30 to 35° 0* 
EFFECT 0? AMBIENT mapgRATOHE* Because of the other 
variations discussed in this section the effect of 
ambient temperature, i*e* the temperature of the en¬ 
vironment in which a vaporizer la being operated, has 
not been thoroughly investigated* Except for extreme 
variations, the effect of ordinarily encountered tem¬ 
peratures upon & properly constructed vaporizer appears 
64 
to be less than the effect of other variables dis¬ 
cussed in this section. 
The results of one experiment on the effect of 
high and low room temperatures on vaporization rates 
are given in table 65* Two vaporizers of similar 
construction were used under conditions intended to 
simulate the extremes of temperature which might be 
encountered between a hot kitchen and a cool base¬ 
ment, Both vaporizers were operated in accordance 
with commercial practice in which they are expected 
to discharge 1 gram per day. One vaporizer has a 
• 
thermostatically controlled heating element while 
the other has a fixed heating element only* The 
averages of daytime temperature were 42° C, and 25° C, 
The respective average rates of dispersal at these 
temperatures were 1,063 end 0,773 grams per day from 
the instrument with the thermostat and 1*16 and 0*21 
grams per day from the unit without a thermostat. On 
the basis of these data It has been calculated that 
the increases in vaporization per 24 hours for each 
increase of 1° C* in surrounding air temperature was 
1.75 milligrams for the unit with the thermostat and 
4.75 milligrams for the vaporizer without the thermostat. 
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Effect of Ambient Air Temperatore on 
Vaporization Rates from Vaporizers 
with and without Thermostats* 
Orema lost per 
24 hours from 
vaporizers 
Period location Temperature 
With ther¬ 
mostat 
Without 
thermo¬ 
stat 
Kay 2 - 3 Hood est* 23-28 0*36 
3-7 Stood eat. 23-28 — 0.22 
7-12 Hbod est* 23-28 — 0*22 
12 - 14 Hood est* 23-28 — 0*17 
14 - 15 Hock! est. 23-28 — 0.17 
15 - 22 Sunny room 
la dormitory 
25-39 (range) —— 0.44 
May 22-June 19 Sunny room 
in dormitory 
25-39 — 0.45 
June 19-July 3 Same aa above 
with heat 
37-44 1*12 0.93 
July 3-10 Same as above 
with heat 
37-44 1*15 1*23 
10 - 17 Same as above 
with heat 
37-44 0.92 1.32 
17 - 24 North basement 23-26.5 0.74 0*24 
24 - 31 North basement 23-26*5 0.79 ? 
July 31-Aug* 7 North basement 23-26*5 0.79 0.18 
- 66 
EFFECT OF BAROMETRIC PRESSURE. Assuming that lindane 
vapor is nearly an ideal gas, the effect of baromet¬ 
ric pressure on rate of evaporation can be estimated 
by use of the ideal gas law, pV * nRT, where p is 
pressure in atmospheres, V is volume, n is number of 
moles, R is the universal gas constant, and T is 
absolute temperature. In this equation only p is 
variable so the rate of evaporation is inversely pro¬ 
portional to the atmospheric pressure. In such a case 
the variations due to barometric pressure at any given 
geographical location are relatively slight. Records 
for the barometric pressure at Amherst, Massachusetts 
(Cox 1951) give 1.5 inches as the maximum normal 
monthly range of barometric pressure. Now this would 
account for only an approximate variation in vapori¬ 
zation rates of ^5- or 5 per cent. It appears that 
such variations of plus or minus 2.5 per cent are 
less than are due to other factors for no correla¬ 
tion is found where daily weight losses are plotted 
against daily mean barometric pressure. 
The most variation in barometric pressure recorded 
at Amherst since 1889 is from the extreme high of 31.104 
inches in December, 1949 to the hurricane low of 28.41 
in September, 1938. This difference of 2.694 inches 
67 
flight explain e variation of 3*6^4 or 6*98 per oent* 
At different geographic locations, however, 
considerable variations In vaporization rates may 
be caused by differences in berometrio pressure. 
Calculated vaporization rates ere plotted against 
/ 
barometric pressure and corresponding altitudes in 
graph 6S* With increasing altitude, vaporization 
races increase* Since most of the populated portion 
of the United States is at relatively low elevations, 
variations in these areas due to differences in 
elevation (and consequent barometric pressure) are 
probably under 5 per cent* In such high areas as 
Denver, Colorado (elevation 5*280 feet) the lower 
barometric pressure would permit a vaporization rate 
of about 1*2 grams per day from a unit adjusted to 
evolve 1 gram per day at sea level* 
WHITT OF WE INSECTICIDE:* Impurities in the insect¬ 
icide nay appreciably alter vaporization rate* Vol¬ 
atile impurities will tend to increase the rate while 
non-volatile materials may depress it* This is of 
slight consequence with lindane which must be at 
least 99 per cent gamma isomer of hexachlorocyclohex- 
ane* DDT, in contrast, comes in many grades* Tech¬ 
nical DDT, the purest form generally available, is 
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•boat 70 per cent para para* leader (Shepard. 1951) 
while the aerosol grade, which was formerly used 
in vaporizers, contained approximately 85 per cent 
para para* isomer (Brown 1951)* Since grading is 
by setting points rather than by analysis of con* 
stituonta, considerable variation may occur in the 
components generally listed as "other isomers and 
reaction products*9 Other isomers of 0!??, t>0D{T3£), 
and POB are included in this grouping (Brown 1951)* 
For a discussion of some problems in using mixtures 
of Insecticides see the section on “Effects of Heat* 
ins BBT and Lindane in One Cup*9 Unless mixtures 
of insecticides are carefully balanced with respect 
to vapor pressures, molecular weights, and tempera¬ 
ture, they will not give consistent rates of evapo¬ 
ration* Such a balance could scarcely be obtained 
with an insecticide containing many impurities* 
Bates of volatilization may also be influenced 
by other causes which have not been studied* Ho 
effort has been made to investigate variations which 
may be due to absorption of radiant heat, e# g* in¬ 
solation, by the black bakellte external bowl of 
the Aerovap* Such a problem was considered to be 
too complex for investigation with the time and 
70 
equipment avallabia, but It ia probable that the 
rata of heat loss would be sufficiently reduced 
to Increase vaporization. 
Except for e fee brief attempts, the effect on 
a vaporizer of air movements at different velocities 
end directions has not been examined. It seems 
theoretically possible that ventlietins fens might 
loser the concentration of molecules immediately 
above the vaporizer sufficiently to decrease the 
number of molecules returning to the insecticide. 
The indirect effect of air movement in cooling the 
vaporizers probably Is much more an important factor 
in reducing evolution. This problem is principally 
one of engineering and has not been evaluated. With 
one type of vaporizer the rate of evopore t ion was 
apparently capable of being controlled by the rate 
of air flow past it. With increasing wind velocity, 
the insecticide became hotter and the evaporation 
rate increased. On the other hand, the rate of 
evaporation from a vaporizer without a thermostat 
may be decreased as drafts reduce the temperature of 
the insecticide. 
In laboratory work an apparent cause for varia- 
71 
tion in vaporization rates is found in adsorbed 
water* This may amount to as muoh as 1 gram in a 
cup of insecticide* If variations in adsorbed 
water due to variations in atmospheric humidity are 
not taken Into consideration during weighings, weight 
•IV / ‘ ' •, ' ' • 
losses may be in error* 
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RKSTHICTIOH OF TAIOHIZATIOK RATES WITHOUT 
CHAB8E 15 TEMPERATURE* 
Vaporizers are employed in circumstances which 
▼»ry markedly as to volume of air being treated, 
pasts being controlled, and toxicological hazards. 
These diverse circumstances often require correspond¬ 
ing variations in rates of Insecticide use which are 
coaventlslly achieved by temperature adjustments. 
The results of experiments to find other methods 
of accomplishing this purpose are discussed in this 
section. Because of its wide use end peculiar prop¬ 
erties, lindane was the only vaporizable insect id le 
tested. 
Accurate control of temperature within neces¬ 
sarily narrow limits, as plus or minus 0,5° C«, re¬ 
quires a sensitive thermostat. Since e vaporizer is 
designed to be used continuously for months or years, 
the thermostat for such a device must be substantially 
built to furnish long, accurate service. If, In 
addition, the thermostat is required to be adjustable 
to maintain any desired temperature within a range of 
50 or 75° 0,, It becomes more complex, and more sub¬ 
ject to fatigue or failure. Complicating these de- 
mends of performance la the requirement of email 
size for use in the relatively small space of a 
vaporiser* Field adjustment of thermostats to a 
desired temperature requires considerable time, end 
may require special personnel* Thus* accurate9 
adjustable* and durable thermostats are not only 
expensive but require much expenditure of time and 
money in design and testing* 
Because of these disadvantages In the use of 
adjustable thermostats to control rates of evolution 
from, vaporizers it was considered worthwhile to in¬ 
vestigate the possibility of otherwise regulating 
vaporization of Insecticides* If some convenient 
method of accomplishing this purpose could be de¬ 
vised* simple constant temperature thermostats could 
be substituted for expensive* adjustable ones* 
Several means for mechanically restricting rate 
of evaporation have been considered* A simple method 
would be to use insecticide containers having surface 
areas reduced in proportion to the desired reduction 
in the rate of evaporation* This procedure would be 
impractical because it would require e greet variety 
of sizes of containers as well as heating equipment* 
As an alternative to variation in the size of the 
containers, restriction of the surface of the in- 
ssotioi&e in other ways was Investigated* Two 
methods were used: (a) to mix an inert substance 
with the insecticide and (b) to limit the free area 
immediately over the pore material* It was theo¬ 
rised that in the first case the number of molecules 
escaping would be in proportion to the dilution of 
the Insecticide, and In the second ease that molecules 
would be returned to the insecticide mass in numbers 
proportional to the restriction of the area from 
which they could escape* 
BI¥53« Restriction of the area at the top of the 
cups of insecticide was accomplished by the intro¬ 
duction of e series of annular disks* There were 
already available so-called storm caps (Figures 75 
and 76} which had been fabricated for the purpose 
of protecting the vaporizing Insecticide when Aero- 
vaps were subjected to strong drafts* The atom 
caps, made of thin anodized aluminum metal, are 
shaped to fit tightly over the top of the Aerovapfs 
outer bowl and then flare down inwardly to join the 
Inside of the top edge of the insecticide cup* From 
the cup edge, the storm cap projects inwardly, ap¬ 
proximately 0*5 inch on a nearly horizontal plane 
75 
Aerovap with attached storm cap and annular discs. 
A. Storm cap 
B. 2-lnch aperture of storm cap 
C. Annular disc on insecticide 
D. Aperture In annular disc 
Storm Caps and Annular Disks 
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leafing a osntral opening 2 Inches in diameter. 
Annular disks (Figure 76) of anodized aluminum 
were prepared to be inserted within the horizontal 
Inner portion of the storm cap* fheae disks had 
round central openings with diameters of 0*5, 1*0, 
1.25, and 1*75 Inches* fhoir respective unobstructed 
■ • •.. . ■ ■ 1 0 
areas were 0*306, 0*785, 1*225, 1*765, end 2*405 
square inches, the opening in the storm cop was 
3*142 square inches in area, while that of the 8 
on* cup was 7*793 square inches* 
A series of tests were run to find the effect 
of openings of various sizes on the rate of evapo¬ 
ration of lindane* Anodized aluminum cups, each 
containing 100 grams of lindane, ere placed In 
vaporizers and provided with storm caps and inserts 
of various sizes* Taporizers were adjusted to oper¬ 
ate at 110° C* well temperature, at which temperature 
approximately 1 gram of lindane per day is evaporated 
from unobstructed cups* Subsequent temperature ad¬ 
justments were made infrequently so that the con¬ 
ditions under which the tests were run closely 
resembled that which would be found in field oper¬ 
ation* Detailed records were made of well tempera¬ 
tures (average of 3 per day) and weight losses were 
18 - 
computed daily except fop Sundays and hclidsjs fop 
periods up to 93 days* In seme oases the rotes of 
evolution were sufficiently high so that these rates 
dropped appreciably as the insecticide became ex¬ 
hausted* This condition was noted particularly la 
cups provided with the 1*0 and 1*25 inch inserts 
from which the lindane was practically exhausted at 
the end of 10 weeks* A summary of the averages of 
records of weight losses by Intervals from. 6 restricted 
and 1 unobstructed cup is shown in table 79* 
It nay be seen that use of the 1*75 end 2*0 inch 
openings depressed the daily weight loss to 65 to 65 
per cent of that from the unobstructed cup* On the 
other hand, openings of 1*0 and 1.25 inches caused 
Increases in rates of evolution amounting to 26 and 
13 per cent over that from tne unobstructed cup* 
Results with the 0*5 inch opening are misleading in 
that much of the lindane which evaporated from the 
cup condensed on the under side of the storm cap and 
disk* This condition was not anticipated when the 
tests were begun and the weight losses shown are for 
the amount of linden© which evaporated out of the msa 
in the cup, rather than that which left the cup and 
the storm cap with insert as a unit* Because of the 
Summary of Records of Weight Leases ler Day 
of Lindane fro© Cups with Annular Disks 
with Openings of Various Sizes at 
Average Well Tampersturea of 
110° ♦ 1° C. 
Cup Ho# CXLIII CXLIV CXLVII CLX11 cxLix CL? CXLVm 
Diameter of 
opening in 
Inches 4*0 2.0 2*0 1.75 1.25 1*0 0.5 
Days heated 
1 1.33 1.01 1.06 0.65 1*24 1*14 0.97** 
2-7 1.01 1.16 0.90 1.07 1.37 1.62 0.74** 
e - 15 0.92 0.63 0*81 0.56 1.21 2.32* 0.62** 
16 - 30 1.13 0.93 0.76 1*07 1.26 1.56 0.66** 
n -15 0*94 0.64 0*84 1*05 1.34 1*29 0.67** 
46-60 1.31 1*01 0.85 1*09 1.36 irreg¬ 
ular 
0.34** 
61-75 1.09 0.61 0.75 1.08 0.18** 
Ave. »t. loss 
per 24 lira. 1.104 0.91 0.71 0.93 1.30 1.41 
♦Tamperetore high 3 days# Omitted from average# 
♦♦Weight less recorded is for the lindens which evaporated 
from the 100 gram original mass in the cup# Condensa¬ 
tion on the storm cap and disk was very heavy so that 
little lindane left the assembly# 
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large amount of 11ndane which recondensed on the 
insert It was apparent that a forked restriction 
in rate of evaporation did occur* The rate was 
very Irregular because the opening in the disk was 
blocked from time to time by crystals of lindane 
which grew across the aperture* Due to handling, 
these crystals broke off and fell into the lindane 
In the cup et Irregular Intervals* 
Results of this test, although not anticipated, 
are logical* It is apparent that, with annular 
rings of 1*25 and 1*0 inch diameter, the overhanging 
portion of the storm cap and the disks served more to 
reflect heat than to reflect molecules of lindane* 
This Increased heat resulted In more lindane being 
evolved and the resultant pressure of the more 
numerous and more active molecules resulted in a 
higher rate of evaporation than when the full 8 cm* 
opening of the cup was exposed* The depression of 
the rate of evaporation using the 1*75 and 2*0 inch 
openings was less than desired* This method was 
discontinued as being impractical because the amount 
of restriction was too little to warrant commercial 
production and use of the annular disks* 
Brief tests were made using the insert alone. 
ai 
i 
placed on top of the crystalline lindane. The out* 
side diameter a of the inserts were 3 Inches compared 
to the 3*15 Inch inside diameter of the cup. This 
difference in diameters permitted the dials: to drop 
readily upon the lindane crystals but also left a 
small space between the disk end the wails of the 
cup. Since this space adjoined the heated walls of 
the vaporizer it was found that rapid evaporation 
occurred from the perimeter of the Insecticide mass, 
t- 
ea the superimposed disk only served to reflect the 
heat to this hot area. 
Other objections to the use of inserts on the 
insecticide included irregular rates of evaporation 
caused by the disk being irregularly supported upon 
the Insectiolde mass and occasional melting of the 
insecticide which then flowed over the disk. The 
latter condition, as expected, caused abnormally 
high rates of evaporation. 
For the foregoing reasons, attempts at depress* 
lag the rate of evaporation of lindane by means of 
annular disks placed on or over the insecticide were 
discontinued in favor of the simpler method of mixing 
an inert substance with the insecticide. 
• 82 - 
TALC* A surrey of isaterlala used as diluents and 
carriers in insecticide formulaticas lias been pub¬ 
lished by Watkins end Horton (1947)* Of the 75 or 
more commercially ereliable materials which they 
have classified, many groups my be eliminated from 
consideration as depressants of lindane vaporization 
because of undesirable physical or chemical proper¬ 
ties* 
All botanical flours were eliminated because of 
the probability that volatile oils might be produced 
which would interfere with determination of weight 
losses and possibly be deleterious to the insecti¬ 
cide* 
Of the many minerals used as diluents, sulphur, 
the only element included, was not used because it 
Is in itself capable of vaporization end might create 
both fire and toxicological hazards* Of the oxides, 
silicon materials were eliminated because of their 
abrasiveness which might cause damage to the insect¬ 
icide cups* Calcium and magnesium oxides were 
dropped because of their alkalinity* It was pre¬ 
sumed that prolonged heating with alkaline materials 
would Induce dehy&rochlorlnatloa of the commonly 
63 
used Insecticides, DDT end lindane. 
Silicates constitute the only rej&sining eo&mvnly 
available materials* They are divided into pyrophyl- 
11 tea, days, end tales. Fyrophyllite is sufficiently 
abrasive to be dropped from consideration for fear of 
damage to the anodization of aluminum cups. For the 
most part, clays beer considerable amounts of bound 
water. Because of the danger of release of this 
water with heat, clays were eliminated* Water in 
the presence of lindane end jaat&ls is reported to 
facilitate breakdown of the insecticide. Borne types 
of the one remaining group, talc, appeared to have 
properties desirable for mixing with insecticides to 
restrict the rate of evaporation. 
Chemical analyses and other pertinent properties 
of 5 samples of talc are given in table 84* It Is 
apparent that there is great variation in the con¬ 
stituents of the materials termed as teles. Shepard 
{1951) states that talc la essentially anhydrous 
metas11Iceta of magnesium which occurs in three 
forms - fibrous, foliated, end granuler. For the 
purposes of mixing with a material such as lindane 
the presence of ferric oxide is objectionable because 
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of its ability to cease breakdown of lindane. The 
disadvantages of the presence of large amounts of 
water have previously been described. The specific 
gravity should approach that of lindane (1.76) and 
its oiliness should be low to facilitate easy mix* 
tore with lindane without dumping. 
Samples of talc of unknown origin were first 
used to determine if mixtures of talc and lindane 
would result In lowered rates of evaporation. Nine 
cups, with combinations of Undone and 3 to 60 per 
cent tale were used In the preliminary tests. The 
trend of the restriction of the rate of evaporation 
was la proportion to the percentage of talc in the 
mixtures. With these encouraging results an attempt 
was msde to secure e similar talc. That which a 
manufacturer furnished as being closest to the sample 
provided by the writer wes found to be unsatisfactory 
In use. The basis on which this talc (#42* table 64) 
was selected is not known* but it obviously was not 
on the basis of similar chemical analysis, lindane 
heated with this talc decomposed within days. Break¬ 
down wes indicated by change in color* frequent melt¬ 
ing, which may have been due to heat generated by 
chemical action* and in some oases* violent breakdown 
36 
approaching the order of an explosion* An nay be 
seen from the table, talc #42 had a very high Iron 
oxide content a a well as 22 per cent water* It wan 
believed that one or both of these properties were 
responsible for its Incompatabillty with lindane* It 
was subsequently learned that the sample of talc which 
had been originally used contained less than 1 per 
cent iron oxide* That its water content was low was 
evidenced by e loss of about 1 per cent in weight dur¬ 
ing heating for a prolonged period* Other talcs used 
in subsequent experiments contained very small amounts 
of iron oxide and little, or no, water* However, one 
such talc. Asbestine 3X, was discarded because of its 
greasiness which prevented good fla,*ability and easy 
mixing* 
In the teats with combinations of talc and lin¬ 
dane it soon became apparent that the mixtures must be 
held below the melting point of lindane to give reli¬ 
able results* Slight melting was sufficient to bring 
the lindane to the surface after which the vaporiza¬ 
tion rate was that for lindane alone* Therefore, 
cups were heated at temperatures less than 112° 0* 
measured in the well* At frequent intervals (average 
2 days) the cups were weighed to record the lose 
of lindane by evaporation* It was necessary to 
weigh the cups while hot to prevent the adsorption 
of water by the talc* Detailed records of the hours 
that the various cups were heeted, and dally readings 
of the wall temperatures, were maintained* 
During 9 weeks heating of the tale-lindane fix¬ 
tures, 16 tests were made of fly kill* these tests 
were conducted in dormitory rooms having volumes from 
750 to 2000 cubic feet except for the two final tests 
which were run In classrooms with volumes of 7600 to 
10,500 cubic feet* With the exception of the lest 
test, caged flies were placed in the rooms before 
the Aercvepa were turned on* Approximately 50 flies 
were placed in each tarlatan cage (Spear 1951) and 
4 such cages were pieced at random in each exposure 
room. TLy mortalities were recorded at the end of 
3 hours in dormitory rooms and after 5 hours In 
classrooms. In considering the fly mortalities it 
should be n^ted that the physical conditions under 
which the flies were raised and exposed were not uni¬ 
form and therefore their resistance varied from day 
to day* 
Estes of evolution, room volumes, and fly kill 
are shown In tables 89 and 90* ’the average values 
from table 89 provide the data for graph 91* It 
may be seen that fly mortality varied with weight 
of insecticide evolved and, as may be expected9 the 
amount of Insecticide evolved was proportional to 
the percentage of lindane in the talc* According 
to the average values shown, the 8 cm* cup may be 
used at a well temperature of 110° C* to evaporate 
0*6, 0*5» 0*4» and 0*3 gram of lindane if the insect* 
Icide is mixed respectively with 7*5» 26, 35, and 63 
per cent talc* tie line showing the daily evolution 
of lindane seems highly reliable and may be used for 
selecting mixtures of talc and lindane to give de¬ 
sired dally weight losses from an Aerovep at 110° C* 
wall temperature* For 0*6 gram per day a mixture of 
7*5 per cent tale should be used while 63 per cent 
talc would yield 0*3 gram per day* 
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PER CENT MORTALITY IN 3 HOURS OF HOUSEFLIES AND 24 HOUR WEIGHT LOSSES 
FROM DIFFERENT PERCENTAGES OF TALC AND LINDANE HEATED AT 
APPROXIMATELY 110° C. WELL TEMPERATURE IN 
Per cent 8 CM. ALUMINUM AEROVAP CUPS. 
mortality Grams 
PRACTICAL C0I©ID£BATIONS IN THE 
CSS OF VAPORIZERS 
The function of a vaporizer is to maintain 
throughout the space being treated a ooustant con¬ 
centration of insecticide which will be lethal to 
flies In a reasonable period of time, but not danger¬ 
ous to huaana normally occupying the same space* The 
subject of human safety should not be ignored by any¬ 
one concerned with vaporization of insecticides* 
While this phase of the subject lies in the province 
of public health, there is no evidence to date to in¬ 
dicate that insecticide vaporizers when properly used 
have been deleterious to human beings* 
Vaporizers of many types are currently available 
in the United States* A few types are solid In Mexico 
Canada, end much of Europe. In this country the for¬ 
mer practice of leasing the units has been largely 
supplanted by direct sales* Such sales may be made 
by established pest control operators and specialists 
in the field who usually offer service contracts. On 
the other hand, unfortunately, vaporizers can be pur¬ 
chased by mail, in specialty stores or from itinerant 
salesmen* 
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FUNCTION OF A TAFOBIZSB« Betuming to our definition 
of the function of a vaporizer - that it should main¬ 
tain a concentration of insecticide which will be 
lethal to insects in a reasonable period of time - 
two elements are noted, concentration and time of 
exposure* In order to maintain continuously an in¬ 
secticidal concentration in a given space the rate 
of evaporation of the Insecticide must be meticulously 
regulated, and geared to the volume of air being 
treated* For large rooms the amount of insecticide 
evolved can be fairly well governed by the number of 
units installed, provided they are capable of accu¬ 
rately maintaining the desired rate of evaporation* 
For such performance extremely dependable thermostats 
are required as variations In voltage or surrounding 
air temperatares cause tremendous variation in rate 
of evaporation by heaters not ao equipped* A thermo¬ 
stat must be skillfully engineered and properly sit¬ 
uated to reflect the temperature of the insecticide 
Itself* In laboratory tests of a vaporizer with a 
poorly placed thermostat, it was found that evapora¬ 
tion was very rapid in the presence of moderate air 
currents but very slow when the unit was protected 
from air currents* Although the unit was expected 
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to evolve 1 gram of Insecticide per 24 hours, actual 
daily weight losses varied from 0*33 to 2.5 grams* 
Where the room volume la leas than 15,000 cubic feat 
an adjustable thermost©t is essential in order that 
the rate of evaporation may be reduced to remain 
within the limit of 1 gram per 15»000 cubic feet per 
24 hours established by the Interdepartmental Committee 
on Pest Control (1951)* 
It is the writer’s opinion that vaporisers should 
be provided with a means of inspection during operation 
so that the rate of evaporation can be vary closely 
estimated* While other factors affect the process 
of evaporation ita rata is nearly proportional to the 
heat applied to the mass of Insecticide* Obviously, 
the temperature should not be measured directly from 
the Insecticide itself because both insecticides ap¬ 
proved for use, lindane and DOW, are subject to break¬ 
down by a variety of foreign substances which might 
be Introduced on a thermometer* In addition, the 
more frequently used lindane coalesces Into a cake 
when heated, preventing accurate measurement of the 
temperature of the insecticide itself* fheoe difficul¬ 
ties can be circumvented, however, if provision is made 
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for insertion of a fcherxaometer to a point in the 
unit which will accurately reflect the amount of 
heat being applied to the insecticide. If the ©per- 
ating temperature of the unit is determined it la 
possible, with a graph, to estimate rather accurately 
the rate of weight loss from the unit. Thus, with an 
Inexpensive thermometer the owner or service man can 
determine that a vaporizer ia operating in the mar¬ 
gin between insecticidal effectiveness and human 
hazard. 
INSPECTION OF VAPORIZERS. In the same way that auto¬ 
mobiles require occasional inspection and adjustment, 
so too, do vaporizers. Inspection of a vaporizer 
should consist of measuring the tampersturn to 
ascertain that the desired rate of weight loss is 
being maintained, and examination of the insecticide 
to make sure that it is in good condition and in 
adequate supply* The insecticide should be replen¬ 
ished at Intervals frequent enough so that the unit 
at all times has at least a third of a charge of 
insecticide. In general, where the amount of Insect¬ 
icide ia reduced below a third, the volume regaining 
is Insufficient to permit the desired rate of evclu- 
96 
tlon unless the temperature is adjusted upward. Such 
temperature adjustment Is not desirable. Instead the 
cup should be recharged with insecticide. Further, 
it is our experience that the losa of weight which 
obtains after half the oharge has disappeared is suf¬ 
ficient to reduce the heat transmitted to the insect¬ 
icide. 
If our ideal vaporizer is then properly engin¬ 
eered, inspected, and maintained, we can expect it 
constantly to produce the desired amount of insecti¬ 
cide at a uniform rate. We must now look to the vol¬ 
ume of air being treated, this ia quite distinct 
from the space in which the vaporizer is installed. 
The volume of air being treated in a basement night 
club during "closed hours" is very different from the 
volume of air being treated In the same space while 
it ia occupied and air conditioning units are In op¬ 
eration. Likewise, there is a tremendous variation 
in the air subject to treatment in the dairy barn in 
early spring as against the volume of air passing 
through the same barn on a breezy summer day. This 
is a subject which needs considerable investigation 
but by reference to heating and ventilating guides 
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it is apparent that air changes may very from 5 to 
several hundred times a day* Where excessive air 
changes exist as in some fan-ventilated buildings 
in warm climates or in buildings with very large 
door- and window-openings * it is foolish to expect 
e vaporiser safely to permit the development of in¬ 
secticidal concentrations* A vaporizer Intelligently 
employed under the conditions we have discussed main¬ 
tains an insecticidal concentration in the air being 
treated* 
FLAGS OF YAP3HIZSBS IS A CONTROL PROGRAM* Of the 
hundreds of thousands of vaporizers now in the hands 
of the publict certainly but a relative few were pur¬ 
chased for any purpose other than fly control* This 
being the case* what position should be held by 
vaporizers In a fly control program? Vaporization 
is not the panacea of fly control but rather Is a 
new, convenient, and highly efficient method of 
applying insecticides* The emphasis which is being 
placed upon sanitation and screening in general fly 
control programs applies fully as well whether the 
insecticide is vaporized In a restaurant or sprayed 
upon the walls of a bam* Over 4 years* experience 
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la the use of vaporizers leads to the belief that 
if properly coastrooted end operated, these de¬ 
vices ere highly efficient in eliminating flies 
from enclosures but they must be given a fair chance 
to perform their task* 
Effective fly control may not be achieved even 
though we provide a well-constructed, thermostatic¬ 
ally controlled, and properly serviced vaporizer 
operating in a cani&ensurtte space subject to normal 
air change* We oust consider the capabilities of 
the pest we are combating aa well as the weapons 
we employ* the biotic potential of the housefly 
has been the basis for the calculation of the number 
of million, billion flies that could be produced in 
one season by a single pair of flies* Such figures 
are no more comprehensible than the amount of the 
national budget, but in the same way that the saving 
of a few dollars can reduce the total sum so too 
will a little sanitation reduce the total number of 
flies* Regardless of the method of insecticide 
dispersal, sanitation remains the moat important 
avenue of attack* This is particularly true in the 
use of vaporized insecticides as the slight concern- 
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tration in the air has little, if any, effect on 
the immature stages of the housefly. In 3 widely 
separated sections of the country it has been noted 
that difficulties in fly control have occurred where 
sanitation was Tory poor. A female housefly, bent 
on laying eggs, can easily achieve her mission be¬ 
fore succumbing to the insecticide. Given insanitary 
conditions, her eggs will produce a new crop of flies 
in a few days. Such conditions can be seen in dirty 
garbage containers, under or behind food handling 
counters, and in many animal shelters. With new 
flies continuously being produced they may be present 
In sufficient numbers to be a nuisance before being 
affected by the insecticide. Such a condition gives 
the impression that the vaporizer is not functioning. 
It may also provide an excellent opportunity for the 
selection of a strain of flies highly tolerant of 
the insecticide. The author9a field observations 
to date indicate that, with few exceptions, when a 
properly situated and operated vaporizer falls to 
control houseflies, there is continuous breeding in 
the immediate environment. 
As adult houseflies live for several weeks, a 
small but constant source may produce a large popula- 
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tlon around a given premise* During the daytime 
houseflies continually move about in search of food 
and resting places end they will attempt to enter a 
structure from neighboring and less sanitary areas* 
For this reason screens should be used on all doors, 
windows or other openings through which flies may 
enter* It is not enough merely to put up screens* 
It is essential that they be properly fitted end 
constantly maintained* One often neglected point 
is that screen doors should open outward so that 
any houseflies resting on the door will be soared 
away when the door is opened, and not driven into 
the building* 
At this point the reader may fee 1 that the prob* 
leas Involved in the successful use of a vaporizer in 
insect control ere too complex to be practical* To 
use an earlier analogy, the automobile, although a 
complex oaohine, is used and operated by millions 
of people with little trouble because of the avail* 
ability of service and maintenance by persona 
skilled and trained in its servicing* The several 
considerations which have been discussed with regard 
to vaporizers are intended to permit Interested per* 
sons to use them to the best advantage* Their con* 
tlnuous, automatic action against houseflies and 
many similar insects la attested to by their wide 
acceptance in the field* 
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CHARACTERISTICS AMD USE OF INSECTICIDES 
OF PRINCIPAL IMPORTANCE IN 
CONTINUOUS VAPORIZATION 
TWo insecticides, DDT and lindane, have boon 
used with wide success In vaporizers* As will be 
shown below, there Is a marked difference In the 
physical properties of these insecticides when dis- 
parsed in air* Vapor pressures for the two mater¬ 
ials have been given in table 20, 
DPT* For the purposes of this section the vapor 
pressures of Belson (1947) are arbitrarily selected 
as bases for computations* It will be noted that 
the vapor pressures for DDT are considerably smaller 
than those for lindane* It has been calculated by 
this method shown on page 22 that the amount of DDT 
which can exist in vapor form at 25° 0* is but 
0*00667 micrograms per liter* The commercial rate 
of use for DDT in vaporizers is 1 gram per 15»000 
to 20,000 cubic feet* One gram dispersed in 20,000 
oubio feet la the equivalent of 1*77 micrograms per 
liter* In a room of 20,000 oubic feet which is sub¬ 
ject to 100 air changes per day, 2,000,000 cubic 
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feet of air would be treated with the 1 gram of 
insecticide. The dilution of DOT in thle ease 
would be 0.018 miorogram of DDT per liter which la 
about 2*7 times the suturetion level mentioned above. 
It la apparent, therefore, that air at room temper* 
ature can hold but little DDT in the vapor state; 
the excess must condense. 
The calculated values for DDT as stated above 
are supported by observations of the behavior of 
the DDT when heated in enclosures. When DDT la 
heated so as to evolve 1 gram per day from the 
Aerovap it is melted and maintains a liquid temper* 
ature of about 120° while the well temperature is 
approximately 130° C. DDT leaves the molten surface 
as a vapor but as soon as It reaches the cooler air. 
It condenses to the liquid phase and droplets are 
formed. This Is analogous to the formation of water 
droplets when steam enters cool air. 
Stammers and Whitfield (1947) state that the 
aerosols produced when DDT la volatilized have a 
median particle size at the cup of 0*5 microns and 
at normal dispersal points in the room have a 
particle size of 0.5 and 5*0 microns. Their data 
are besad on dispersion of 400 milligrams per 24 
- 103 - 
hoars la a room, of 5000 cubic fast* The sir temper¬ 
ature during the observations was not stated* 
The writers observations where DOT was vapor¬ 
ized at the rate of 1 gram per 20t000 oubio feet 
per day with room temperatures of 20 to 30° C,, 
indicate that the diameter of the droplets ranges 
from the resolution of the microscope to about 15 
microns* The larger droplets, that is those over 
10 to 12 microns In diameter, ere few in number* 
It is Interesting to note that the droplets of DDT 
may remain In the liquid state at room temperatures 
for 4 or 5 days* After several days, there is some 
obvious orientation while the DDT is still in the 
liquid state anticipating the orderly arrangement 
of crystals which subsequently form* Eventually 
the droplets oryatallize into irregularly connected 
trains of branched or needle-like crystals* 
Whan a deposit of DDT droplets is observed over 
a period of several days there is considerable migra¬ 
tion of DDT* The smaller droplets tend to disappear 
and larger ones grow* This migration is in accord¬ 
ance with the kinetic theory of matter and when 
materials exist in very small particles the surface 
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is relatively great as compared to the volume* In 
this condition the molecules at the surface are 
less attracted by the cohesive forces of the adjoin¬ 
ing molecules than is the condition in a larger body 
with more nearly plana surfaces* In other words* 
the molecules at the surface may escape more readily 
from a very small body than from a larga body* In 
effect, the vapor pressure at the surfaoe of a drop¬ 
let of DDT is greater than that at the surfaoe of a 
larga mass of the same substance* 
After the DDT has crystallised it appears to 
be relatively stable end may persist for months be¬ 
fore subliming* In practice, most of the DDT dis¬ 
persed in e room from a vaporiser forms an aerosol* 
This aerosol is continually being produced so that 
within broad limits, depending on air changes in the 
room, the concentration of DDT in air remains con¬ 
stant* Stammers and Whitfield (1947) use the term 
"continuous-phase aerosol of DDT*W According to the 
terminology in this country, this term is a misnomer 
as an aerosol is composed of two phases; namely, 
fine liquid or solid particles dispersed In air* 
The air is the continuous phase and the DDT is the 
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dispersed phase. la e more recent British publi¬ 
cation Whitfield gjfc al. (1952) use the term "contin¬ 
uous-flow aerosols." It hee already been found 
(Spear 1950) that when DDT la evaporated at the 
rate of 1 gram per 20,000 cubic feet an aerosol la 
formed which: may be observed with the Tyndall Ef¬ 
fect, deposits under still air conditions on hori¬ 
zontal surfaces, and when applied to Insects by 
moving air streams causes increasing mortality as 
the rate of air flow increases. 
The decomposition by heat of DDT is well 
recognized (Gunther 1947, Gunther and Tow 1946). 
For this reason Amr*x*9 on inhibitor to breakdown 
Is required when DDT Is subjected to heat for long 
periods of time es in vaporization. Since vapor¬ 
izers ere sold primarily for fly control, there la 
little general use of DDT today because of housefly 
resistance to this insecticide. However, there are 
many pasts, ©specially the smaller moths, flies, 
*Amerex is a colorless, somewhat waxy, solid whose 
chemical identity has not been released. It is 
used at a rate of about X part by weight to 100 
parts of DDT. The ohlpa of Amerex float on molten 
DDT and, with use, become brownish and finally 
blaok. 
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end beetles which are pests ot man's* habitations 
or stored goods which can be readily controlled by 
vaporized DDT. 
LINDANE♦ As compared to DDT, lindane has a much 
higher vapor pressure* Values for the amount of 
lindane which can exist In the gaseous state at 
different temperatures have been presented In tables 
A end B on page 24« A concentration of lindane far 
below the saturation level is adequate for Inaeet 
control* When lindane was evolved at approximately 
1 gram per dey in a room of approximately 20,000 
cubic feet, 5 air aamplaa taken at typical room 
temperatures showed that the concentretion of lin¬ 
dane was 0*013 to 0*023 miorogram per liter* The 
average value of 0*017 microgram per liter la 5*5 
per cent of the saturation lavel at 25° calculated 
from 3al8onva data* One gram per 20,000 cubic feet 
is 1*77 mlorograma per liter, therefore It would 
appear that the room from which the sample was taken 
had an average air change In the order of 100 times 
per 24 hours* Such a rate of air change is much 
higher than can be expected due to natural forces 
In rooms not provided with forced ventilation (Amor- 
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lean Society of Heating end Ventilating Engineers 
1937)* 
Ventilation varies tremendously depending on 
the climate end use of the structure in question* 
It Is not only the rate of evolution of the insect1- 
elde that is important In governing the concentre** 
tlon in air but also the number of air changes and 
hence the volume of the air being treated per unit 
of time* 
There is, however, another reason for the dis¬ 
persion of lindane from a room being treated with 
lindane* Since the lindane under normal conditions 
is all in the vapor state, the molecules have the 
properties as described under the kinetic theory 
of matter (pages 13 and 14)* The individual mole¬ 
cules of lindane are in constant and vigorous mo¬ 
tion* Many may escape by passage through what ara 
ordinarily considered impermeable surfaces such as 
brick walls or may be lost through the cracks and 
orevloes which exist in structures* The opportunity 
for auoh loss becomes more real whan it is calculated 
from Avogadrovs Number (page 12) that lindane (molecu¬ 
lar weight of 290*85^ when heated so as to evolve 1 
gram per day, discharges molecules at the rate of 
24*200*000*000*000*000 molecules per second. The 
existence of this large somber of molecules In 
rapid motion pervading all the space within the 
enclosure makes understandable the rapid end search* 
lng effect of lindane vapor upon insect pests. 
DDT and lindane* then* are both effectively 
used In continuous space treatment. DDT operates 
against the insects in the space as an aerosol end 
consequently it is dependent upon air movement due 
to traffic* ventilation* and convection currents 
for distribution! whereas* lindane operating as a 
vapor pervades the spaoe being treated and la much 
less affected by air movement* 
EFFECTS OF HEATING COMBINATIONS 
OF DDT AND LINDANE 
DDT end lindane can be heated separately In 
vaporizers to give relatively uniform and consis¬ 
tent results both as to rates of weight loss end 
under appropriate circumstances* oontrol of insects# 
These two Insecticides each have distinct character¬ 
istics when vaporized in commercial buildings« DDT* 
when heated so as to evolve 1 gram a day* produces 
aerosol droplets which may impinge on surfaces to 
form a residual deposit but lindane heated to give 
the same rate of evolution is unable to saturate 
the air and consequently sots only as a vapor against 
the Insects in the enclosure (Spear and Sweetman 1952}# 
It would seem logical* therefore* to combine the two 
insecticides and heat them together in order to take 
advantage of the useful properties of each# Further¬ 
more* insect oontrol might be achieved at a reduced 
cost inasmuch as the price of DDT is about 55~oents 
per pound whereas lindane costs about ten times aa 
much# Such a combination might have an additional 
advantage in that the characteristic musty odor which 
* no - 
oooura when lindane la first heated has not been 
apparent when that insecticide is heated with DDT. 
The Interdepartmental Committee on Feat Control 
(1951) in a statement on the health hazards of ther~ 
mal generators as used for the control of flying 
insects* Indicated that the same precautions should 
be followed whether DDT and lindane arc heated aep* 
arately or in combination. 
In order to investigate some of the effects of 
vaporizing combinations of these two insecticides* 
a series of experiments were conducted to show* (a) 
the initial weight losses over a range of tempera* 
ture of different proportions of lindane In DDT* 
(b) the weight loss at a single temperature for a 
long period of time for mixtures of lindane and DDT* 
and (c) the insect hill resulting from the prolonged 
heating of different proportions of the two insectl* 
cldes. The Insecticides were thoroughly mixed by 
shaking end heated in anodized aluminum cups in 
Aerovaps. Mixtures used were as follows: 1,3* 5# 
6, 10* 20, 25* 33* 40* 50, 80* end 98 per cent lin¬ 
dane In technical DDT. 
Decomposition* although not determined chemically* 
was apparent in the discoloration of the insecticide 
- Ill - 
when DDT-liadone combinations were heated* Such 
decomposition was prevented or restricted by the 
use of Amorex* The lindane appeared to remain 
undamaged as it crystallised in typical formations 
when cups which had been heated were cooled* The 
breakdown was also indicated by the high initial 
rates of evaporation obtained when cups were heated 
without Amerex. Volatilization was much slower 
when Amerex was used at similar temperatures* 
Vaporization rates are low and irregular until 
the mixtures in the cup are melted. This low rate 
of evaporation la seen in the dally weight lose 
from equal parts of lindane and DDT (Graph 112) 
before it was completely melted* The effeot of 
well temperature on rate of evaporation is much 
more direct in graph 113 showing the dally weight 
loss from a oup containing the same proportions 
of the same insecticides which wee initially heated 
at a temperature sufficient to melt the Insecticide 
quickly* 
?or initial weight loss studies, a battery of 
Aeroveps were set to operate at various well temper* 
A Q 
atures between 80° G. and 130 C. Seob oup woa 
hooted ono or more days at several temper®tures 
112 
? 
Days 
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DAILY WEIGHT LOSS OF INSECTICIDE AND ’WELL TEMPERATURE OF 
VAPORIZER DURING VAPORIZATION OF A MIXTURE OF-50 PARTS 
DDT AND 50 PARTS LINDANE WHICH WAS COMPLETELY MELTED 
AT START OF HEATING (CUP CCV). 
Grams evolved Well temper- 
per 24 hours ature °C. 
Days 
within this range. Sufficient data were secured 
to show the approximate vaporization rates for 
the various combinations during the first one or 
two weeks that they were heated. Such data, although 
neither statistically significant nor consistently 
reproducible, serve to show a trend. Graph 115 
gives the vaporization rates during initial heating 
periods for B combinations of lindane in DDT, as 
well as for technical DDT and pure lindane. Each 
line was drawn to represent the data secured by 
heating a number of cups at well temperatures 
irregularly distributed in the temperature range 
shown. It is interesting to note how logically 
the lines are located in relationship to one another. 
Starting with pure DDT, as the lindane content in¬ 
creased, the vaporization rate became greater until 
the two Insecticides were in equal proportions. 
Then the rate of vaporization dropped back again 
as the lindane became increasingly pure. 
When the amount of insecticide evolved at a 
well temperature of 110° C. and the temperature 
required to evolve 1 gram of insecticide per day, 
are plotted against various proportions of DDT and 
lindane as in graph 116, the orderliness of even 
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VAPORIZATION RATES FOR DDT, LINDANE, AND MIXTURES OF 1, 3, 
6, 10, 20, 40, 50. AND 80 PER CENT LINDANE IN DDT. 
Grams lost 
per 24 hours 
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WEIGHT OF INSECTICIDE EVOLVED FROM AEROVAP AT 110° 
WELL TEMPERATURE AND AEROVAP WELL TEMPERATURE 
REQUIRED TO EVOLVE 1 GRAM PER DAY PLOTTED 
AGAINST INCREASING PROPORTIONS OF 
LINDANE IN DDT. 
Grams evolved 
per day at 110° C. 
Contents: 
Lindane 0 
DDT 100 
20 40 60 80 
80 60 4 0 20 
100 
0 
such rough data becomes more clear. The well temper* 
ature at which a mixture of equal parts of the 2 
materials evolved 1 gram per day was 30° C. lower 
than that for DDT alone. Likewise, the weight of 
a mixture of equal parts of DDT and lindane evolved 
at 110° C. well temperature is 10 times that evolved 
by DDT alone or more than twice that evolved by lin¬ 
dane at the same temperature. At a given temperature 
vaporization rates tend to increase as increasing 
amounts of lindane are added to DDT until the com¬ 
pounds are in approximately equal proportions. There 
after9 as the mixtures approach 100 per cent lindane 
the vaporization rates decrease. 
The melting points of the various mixtures were 
not determined. However, Krausohe et al. (1951) 
have published a curve of melting points of various 
proportions of technical DDT and per cent gamma 
benzene hexaohlorlde. Their results are reproduced 
in graph 118. According to these data, they compared 
technical DDT with a benzene hexachloride having a 
melting point of 67° C. while lindane has a melting 
point of 112.5° G. If the latter material were 
used, the curve probably would be skewed slightly 
to the left rather than to the right. 
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MELTING POINTS OF DIFFERENT PROPORTIONS OF 
36 PER CENT GAMMA BHC ANT) TECHNICAL DDT. 
Source: Krausche, 1951# 
Temp. 
°C. 
Per cent BHC (36 per cent gamma isomer) 
100 80 60 40 20 0 
Per cent DDT (Technical) 
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The results obtained from prolonged heating 
of mixtures also agree with chemical theory* Graph 
112 shows the average dally weight loss from e cup 
of equal parts DDT and lindane which was heated 
continuously for 10 weeks mostly at 110° C* well 
i 
temperature* On the 39th day of heating It had 
been noted that a few crystals had formed In the 
liquid Insecticide* By the 56th day a considerable 
portion of the insecticide was solidified* Xt was 
removed for a test of fly kill* Since lindane kills 
flies more rapidly than DDT this test was used as a 
quantitative biological test of the Insecticide* *t 
was decided to run the fly kill test at 130° C,* the 
well temperature usually used to evolve 1 gram per 
dsy of DDT* The results indicated that there was 
little* if any* lindane remaining in the cup* As 
may be seen by inspection of graphs 112* 120* and 
121* the amount of insecticide evolved dally de~ 
crossed at a more or less uniform rate for about 6 
weeks* These results Imply that a uniform dally 
rate of insecticide dispersal cannot be obtained 
when DDT and lindane ore heated together at one 
temperature* 
Theoretical calculations also support the 
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DAILY WEIGHT LOSS OF INSECTICIDE AND WELL TEMPERATURE OF 
VAPORIZER DURING VAPORIZATION OF A MIXTURE OF 66 PARTS 
DDT AND 33 PARTS LINDANE (CUP CCVI). 
Grams evolved 
per 2U hours 
Well tem¬ 
perature 0 C, 
120 
115 
110 
105 
121 
DAILY WEIGHT LOSS OF INSECTICIDE AND WELL TEMPERATURE OF 
VAPORIZER DURING VAPORIZATION OF A MIXTURE OF 75 PARTS 
DDT AND 25 PARTS LINDANE (CUP CCVII). 
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belief that combinations of DDT and lindane do not 
evaporate at a constant rate* For the purpose of 
calculations it is assumed that the molten mixture 
of lindane and DDT is an ideal solution. This may 
not be the case as ideal solutions are rare (Dan¬ 
iels 194^)• Non-ideal solutions have abnormal 
attractions between molecules in the mixture which 
may be manifested in decreases or Increases in the 
partial vapor pressure of either component or by 
changes in surface tension, viscosity, volume or 
heat effects. Since none of these conditions have 
been noted, it is assumed that the mixture at least 
approximates an ideal solution. 
To illustrate the theoretical calculations 
which are pertinent to mixtures of DDT and lindane 
a combination of 20 parts lindane and 100 parts DDT 
heated in an Aerovap at standard pressure and 100° 
C., is used. This temperature is roughly that of 
the insecticide when the well temperature is 110° C. 
At 100° C. para para* DDT has a vapor pressure of 
0.0048 mm. of mercury and the gamma isomer of 
hexachlorocyclohexane (lindane) has a vapor pressure 
of 0.2 mm. of mercury (Balson 1947)* The molecular 
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weights ares for DDT 354*49 end for lindane 290*35, 
In the 20*100 mixture, Undone constitutes 16*67 
per cent by weight but because of its lighter 
molecular weight there is 0*2443 mole of lindane to 
each mole of DDT* This figure t called the molar 
ratio of the liquid la obtained as followss 
Molar . jgrfflta 
ratio * molecular HL - 0.2443 
of liquid 
molecu 
The ratio at which molecules will laave the 
4 
mixture is dependent upon the number of moles of the 
two materials and their vapor pressures* The retlb 
of one vapor pressure to the other is called the 
vapor pressure ratio* 
Vapor 
pressure * 
ratio 
Thus, because of their greater pressure, lindane 
molecules leave this mixture and any other combin¬ 
ation of lindane and DDT, 41*67 times faster than 
DDT* To find ths rate at which molecules leave 
the 20*100 mixture it is only necessary to multiply 
tha vapor pressure ratio by ths molar ratio* 
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Molar ratio 
of vapor « vapor pressure ratio x molar ratio 
* 41*67 x 0*2443 
• 10.18 
The ratio at which lindane and DDT molecules leave 
this mixture is 10.18 to 1. For convenience, this 
ratio is converted to percentage. 
Ter cent lindane In 
vapor by moles • molar ratio of vapor x 100 
molar ratio of vapor ♦ 
* 91.1 
Thus* from a mixture of 20 parts by weight of lindane 
in 100 parts of BDT* lindane comprises 91.1 per cent 
of the molecules evaporated at 100° C. To facili¬ 
tate comparisons* the per cent of lindane* by moles* 
In the mixture has been calculated by the same 
method using the molar ratio of the liquid. Sim¬ 
ilarly* calculated data for mixtures of DDT and 
lindane in different proportions are shown in table 
125. 
These figures* however* apply only to Initial 
losses from the mixtures. Actually* the proportion 
of lindane gradually decreases as it is lost more 
125 
Calculated Theoretical Values for Various 
Mixture a o£ Lindane and DDT at 10O£jC♦ 
and 760 m* Pressure, 
$ lindane Holer ratio 2&>lar ratio 
by weight of of 
in mixture liquid vapor 
$ lindane 
in vapor 
by moles 
fa lindane 
in liquid 
by moles 
0,1 0.00122 0.055 5.2 0.12 
0*2 0.00245 0.102 9.2 0.24 
0*5 0.00613 0.254 20.3 0.61 
1.0 0.0125 0.52 34.2 1.22 
3.0 0.0376 1.57 61.5 3.63 
5.0 0.0644 2.68 72.9 6.04 
6.0 0.0773 3.24 76.4 7.2 
10.0 0.1358 5*66 85.0 11.9 
16.67 0.2443 10.18 91.1 19.6 
20.0 0.3053 12.72 92.8 23.4 
25*0 0.4231 17.63 94.6 29.2 
33.0 0.6021 25.09 96.2 37.6 
40,0 0.8160 34.00 97.2 44.9 
$0.0 1.2237 50.95 98.1 55.2 
80.0 4.927 305.30 99.51 83.1 
98.0 56.32 2346.85 99.96 98.3 
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rapidly than DDT* Only in the ease where the per 
cent by moles of the vapor is the same aa the per 
cent by moles of the liquid eon the ratios be main* 
tained. In graph 127 it ie seen that the lines for 
lindane content in vapor and liquid do not arose* 
Although these calculations are on a hypothetical 
basis9 it seems quite impossible for any mixture 
of DDT and lindane to be vaporized at a constant 
rata with constant temperature* Such a rate might 
theoretically be obtained if the temperature were 
constantly adjusted according to tha percentage of 
insectioide, its temperature, the baromeirio press* 
ure, end possibly other factors* This procedure 
would be entirely Impreotloel for commercial use* 
The gradual reduction in daily walght losa and 
the reduction in proportion of lindens evolved are 
olearly reflected in insect control* An extended 
series of experiments were conducted to investigate 
this point* Five cups containing! (1) lindane, (2) 
50 per cent lindane in DDT, (3) 33 per cent lindane 
in DDT, (4) 25 per cent lindane In DDT, and (5) 
DDT, were run at intervals in dormitory rooms* The 
tests covered the 13th through the 51»t day of hast* 
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THEORETICAL LINDANE CONTENT IN MOLES OF LIQUID AND 
VAPOR WHEN MIXTURES OF DDT AND LINDANE ARE 
HEATED AT 100° C. AND 760 MM. PRESSURE. 
% lindane 
by moles 
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lug and the caps ware heated continuously except for 
weighing* 
Mortalities of caged houseflies were recorded 
at the end of 3 hours* As already has been noted, 
lindane, when evaporated, gives a rather rapid kill 
of Insects while DDT is much slower* With this in 
mind, it may bo seen from the least squares lines 
on graph 129 that while the relative kill at the end 
of 3 hours remained fairly consistent for the pure 
materials, lindane and DDT, combinations of the 2 
materials dropped In effectiveness from the level 
of lindane to that of DDT within 6 weeks of the be* 
ginning of heating* When e cup of equal parts DDT 
end lindane which had been bested for 56 days at 110° 
was heated at a temperature of 130°, the 24 hour 
weight loss of 1*04 grams end the slow insect kill both 
Indicated that the insecticide remaining in the cup 
was almost entirely DDT* 
Ho effort has been made toward toxicity studies 
or otherwise to investigate hazards involved In the 
use of a combination of DDT and lindane in vaporizers* 
The information discussed in this section sug¬ 
gests two practical applications* First, It lays 
Fer cent 
mortality 
100b— 
EFFECTIVENESS AGAINST CAGED HOUSEFLIES OF LIND4NE 
AND DDT ALONE AND IN C01v!BINATI0NS 'VHEN 
CONTINUOUSLY HEATED FOR 51 DAYS. 
O Lindane 
• 50# DDT 
• 66# DDT 
X 75# DDT 
• DDT 
Days 
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stress on the need for using clean containers for 
inseotloldee to be vaporized In ordinary practice* 
Each chemical so used must be protected through 
processing, packaging, and use from being oontam- 
inated by other volatile materials* Orest oare 
should be taken when the insecticides are being 
placed in used containers that the container la free 
of chemicals other than that being added* The sec¬ 
ond suggested application of this information Is for 
special conditions where excessive rates of applica¬ 
tion may be temporarily desirable* Such an occasion 
might be the treatment of an unoccupied Infested 
building to eliminate rapidly the insect peats 
present and to prevent further infestations* In 
this case it would be desirable, for example, to 
deliberately adjust e vaporizer to evolve 1 gram 
of DDT per day and then add 5 or 10 per cent by 
weight of lindane* The rate of evaporation would 
Immediately increase greatly so that most of the 
lindane would be discharged in a day or two* Sub¬ 
sequently, the rate of evaporation would return to, 
or nearly to, the 1 gram per day level desired for 
long-term, economical, automatic Insect control* 
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DISCUSSION OF OTHER INSECTICIDES 
WITH RESPECT TO VAPORISATION 
In addition to DDT and lindane which have boon 
widely used in vaporizers for insect oontrol by con¬ 
tinuous space treatment, many other insectioidea 
bare been considered for their potential usefulness 
for this purpose* This survey has been conducted by 
considering the available information regarding the 
chemical, physical, and toxicological properties of 
the candidate materials, by laboratory screening 
tests, and in a few cases by limited field evalua¬ 
tions. The discussion in this section is Intended 
to draw attention to materials on which additional 
research should be conducted on the basis of the 
information accumulated to date. 
A greet many properties of chemicals must be 
considered in a desk or literature screening in e 
seareh for insecticides which are likely to be use¬ 
ful when vaporized. A sample fona which has been 
prepared for use in such a survey is shown ss 
appendix D. Of course the names by which the mater¬ 
ial is known in industry aa well as an exact chemi¬ 
cal description are necessary. From the latter the 
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structural formula may ba constructed for comparison 
with other molecules having insecticidal properties* 
Hie odor must be known for a material with a dis¬ 
agreeable scent could not be used in a general 
application* The melting end boiling points of 
the material will suggest the most likely temper¬ 
atures for heating the inseotlclde* The stability 
of the materiel, especially with respect to decompo¬ 
sition by heat, is Important for s compound which Is 
to be continuously heated for long periods of time* 
Vapor pressure values ere exceedingly helpful in 
preliminary screenings as a material with a low vapor 
prassure will probably require high temperatures for 
the evolution of appreciable quantities of the insect¬ 
icide end it appears that materials with high vapor 
pressures may exist in vapor form in sufficient 
quantities to be Insecticidal whereas low vapor 
pressure compounds such as DDT condense to form 
liquid or solid particles in air* In some oases 
material with low vapor pressures readily form 
crystalline deposits even at very low rates of use* 
Such crystalline deposits ere objectionable for the 
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reason that crystals may fell into food* The density 
of vapor of the material with respoot to air will 
indicate to a certain extent whether there may he 
problems in distribution of the insecticide in a 
given space* From available information on the tcx- 
iclty of the compound to higher animals an estimation 
may be made of the hazards involved in general or 
limited use of suoh materiel* Information on the 
insecticidal properties of the compound will suggest 
applications* Since there is a certain amount of 
specificity of lnaectloidal effect a development pro¬ 
gram for e compound which is effective only against 
agricultural pesta would not be warranted inasmuch as 
continuous vaporization can be effective only in an* 
closures* 
the various properties discussed above, as well 
aa costs and availability! must be eonsldered early 
in any development program* The accumulation of 
sufficient entomological and toxicological data as 
well as supplementary information which may be re¬ 
quired for presentation to governmental authorities 
which control the public use of chemicals is sn 
expensive operation which may cost tens or even 
hundreds of thousands of dollars* 
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CHLORINATED HYDROCARBONS, Both insecticides now in 
use In vaporizers are chlorinated hydrocarbons. Many 
other materials within this classification are ef¬ 
fective insecticides and ere also capable of vapor¬ 
ization, Methoxychlor haa wide use in household pest 
control and is known as a relatively safe insecti¬ 
cide, A previous evaluation of uaethoxyehlor (Spear 
1950} indicated that about 2,5 times as much methoxy- 
chior is required to eohleve the kill obtained with 1 
unit of DDT, In order to evolve 2,5 grams per day 
from a single Aerovap with aluminum cup a temperature 
of 165° C* was required, Uethoxycfclor is not produced 
in pure form on a commercial scale (Carlson 1952}* 
Experimental work mentioned above was conducted with 
sample quantities of a compound containing 66 per 
cent 2,2-bis (j£-i^thozypheayl)-l,l,i-trichlor©cthane 
and 12 per cent related reaction byproducts. Obvi¬ 
ously, this was an impure material whose rate of 
evaporation and probably its insecticidal effect 
might not be reproducible with the pure para para* 
Isomer, There is a considerable quantity of meth¬ 
oxychlor produced in this country and its purest 
commercial form, 90 per cent concentrate in oil, can 
probably be purified by a relatively simple re* 
crystallization process# It seems obvious that 
further research on methoxyehlor is in order but the 
pure, or nearly pure, para para9 isomer should be 
used in view of the findings reported under the sec- 
tion on "Variations in Vaporization Kates" as af- 
'fected by purity of the insecticide (page 67)* 
The fluorine analog of DDT, 2,2-bis (£-fluoro~ 
phenyl)-l»l,l«triohloroethane la a volatile material 
with a rather pleasant odor readily capable of vapor¬ 
ization (Graph 31)• Its entomological effectiveness 
compares favorably with DDT on the basis of labor¬ 
atory teats# little la known of the toxicological 
properties of DFDT and, as far as is known it is 
not produced on a commercial scale in this country# 
A limited appraisal of T2E and ditolyl tri- 
chloroethane proved them to be inferior to DDT when 
tested against houseflies# 
A material known as Dilan which has recently 
been placed on the market for the control of flies 
and other pests la composed of 1 part compound 
C3645A (2 nltro 1,1 bia £ chlorophenylpropene) and 
2 parts compound CS647A (2 nitro 1,1 bis ohloro- 
136 
phenylbutane)* Both materials can be vaporised and 
have rather pleasant odors* CS645A commercially 
known as Prolan, Is the more effective against house¬ 
flies (Roth 1951)* For this reason It has been tested 
In the laboratory against houseflies* Bata accumu¬ 
lated to date are inconclusive but suggest that house¬ 
flies may be controlled* 'fho high rates of evapora¬ 
tion required may be objectionable because of the 
odor and because of toxicity problems* 
Dialdrin and aldrln, two highly chlorinated new 
insecticides, have found particular use In agricul¬ 
tural fields* Recently dleldrln has been registered 
for outdoor use against houseflies* Although this 
material Is oapable of vaporisation It appears to 
be too toxic for any general application* 
Compound 0-22006 which Is 1 phenyl 3 aethyl- 
pyrosolyl, 5 dimathyloarbamate, la effective against 
houseflies and oertaln aphids (Brown 1950)* When it 
was compared to DOT #2 in test chambers It showed 
little. If any, effectiveness In one test* 
PTRBTHHIH COIlPOUffOS AND 8YBBR0I3YS* Considerable 
time end effort have been expended In the Investi¬ 
gation of pyrethrln compounds, natural and synthetic* 
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Those compounds are both very toxic to houseflies 
end safe so far ss toxicity Is concerned# Although 
the pyrethrlns are poisonous to any organism pos¬ 
sessing a nervous system, the high body temperature 
of warm-blooded animals permits decomposition of 
the toxicant so that the threshold dose for mammals 
is extremely high and the material is considered 
safe in the same way that table salt is considered 
safe# 
The pyrethrum compounds, pyrethrin X and pyre- 
thrln XX, have long been used in household insect¬ 
icides# They cause r&pid paralysis# The former 
compound is more toxic but the latter gives the more 
rapid knockdown# According to Brown (1950) there la 
uncertainty aa to the toxicity of pyrethrin vapor# 
Pyrethrin compounds are unstable to heat and for 
that reason can withstand but llttla heat and seem 
unsuitable for vaporization# In addition, the con¬ 
centrated material is extremely expensive# 
Recently, there has been synthesized a material 
which is closely related to pyrethrin# This mater¬ 
ial, known ss allethria, is now being produced in 
commercial quantities# While presently expensive, 
it is anticipated that improved manufacturing pro- 
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ceases and enlarged production will permit consider¬ 
able reduction la price* Allothrin shows poor 
stability to haat but Is somewhat better in this 
respect than pyrethrln* It is obtaineble in rel¬ 
atively pure form* It has been suggested that 70 
or 75° 6* is the greatest temperature which allethrln 
con stand for any length of time* Vaporization at 
this temperature is extremely slow and too incon¬ 
sistent to be reliably estimated* The material ap¬ 
parently polymerizes as it ohenges from a thin liquid 
to a very viscous semi-solid* However* since only 
slight amounts of allethrln are required In conven¬ 
tional lnsectloide applications providing it is ac¬ 
companied by a synergist such as plperonyl butoxide* 
an effort was made to evolve appropriate proportions 
of allethrln and plperonyl butoxide by placing the 
synergist in an Aerovop cup and strapping a shell 
vial of allethrln to the exterior of the vaporizer* 
This arrangement permitted the evolution of piper* 
onyl butoxide at roughly 0*5 gram a day while the 
allethrln volatilized at a muoh slower rate* Insect 
kills resulting from thla combination were extremely 
unsatisfactory as ware tests conducted when the 2 
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materials were mixed together la 1 oup. Beoause 
some success had been reported la the uae of pyre* 
thrla compouada sprayed oa hot surfaces, the next 
attempt at using allethrla was hy dripping it into 
a hot oup. la this way the reservoir of iaaeetlelde 
was maintained at a low temperature hut the drop of 
material was rapidly evaporated and subjected to 
heat for only a brief period of time* This proced¬ 
ure resulted in an appreciable insect kill although 
the results to date have been unsatisfactory from a 
commercial point of view* 
In a aemi~eommercial teat where 4*6 grama of 
sllsthrin wars dripped into a oup maintained at 
about 110° 0*9 1*3 grama wars evolved leaving 3*3 
grama as residua. The drops fall at a rata of 
slightly lass than 2 par minute. Exposed, caged 
houseflies were slowly effected but the mortality 
at the end of 24 hours was 44*6 par cant. This 
procedure of using allethrln la at present not 
commercially feasible as the mechanical procedure 
of supplying the insectioide at a constant rate to 
a hot surface has not been worked out end until such 
equipment becomes available efficient tasting against 
insects seems impractical. 
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mscStlAHBOUg COMPOUNDS* Sulphur, azobenzene, end 
naphthalene have been widely used in the eontrol of 
mites* For this reason vaporization rates for these 
materials have been established as shown in graph 
31* The ©valuation of these materials against pests 
In poultry houses and greenhouses la being conducted 
by other Investigators* Naphthalene and peradiohlor- 
obensene have been widely used for the control of wool 
pests* They ere the most volatile of the various 
compounds mentioned in this study and because of this 
fact appear to have no general application since the 
insecticide cup would have to be replenished at very 
frequent intervals even at temperatures only slightly 
above room temperature* They could not be used where 
humans are present for their concentrated vapors ere 
both irritating end, to most people, objectionable* 
TOXICITY STUDIES WITH LINDANE VAFOH 
Lindane vapor evolved from special thermal 
vaporizing devices is being widely used in the oon- 
trol of flying insects In enclosures (Sweetman end 
Spear 1952). Within stores, restaurants, and sim¬ 
ilar public buildings the lindane is evolved at the 
rate of 1 gram per day per 15»000 to 20,000 cubic 
feet, so as to maintain continuously concentrations 
toxic to certain Insects (Spear 1952). Although 
small, these concentrations are continuously present 
providing a possible hazard not present when treat¬ 
ments are male intermittently* On the other hand, 
higher animals may readily tolerate the small amount 
of insecticide which might be acquired. 
Toxicity studies ere of two general types, 
acute end chronic* As will be seen the acute ef¬ 
fects of lindane are of no concern in this investi¬ 
gation* A number of domestio, pet, and experimental 
animals have been exposed to ordinary commercial and 
excessive concentrations of llndene vapor* These 
exposures were designed primarily to reveal chronic 
effects of inhalation, but side effects resulting 
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from skin contact and from ingestion of food which 
may hare been contaminated could not be exoluded* 
This section reports results of short* end long* 
term tests with laboratory rats which may form the 
basis for appraisals of the hazard of vaporized 
lindane to human health* 
REVIEW OF THE LITERATURE* The values for the vapor 
pressure of the gamma Isomer of hexaohlorocyolohex* 
ane as recorded in the literature are shown in table 
20* 
Fulton (1952) has presented data for tha weight 
of lindane which can exist as vapor at different 
temperatures* The vapor pressures required to per* 
mlt these saturation levels would be slightly above 
those of Balson* 
Tha toxicity of Ingested gamma benzene haxa* 
chloride to animals has bean studied extensively, 
particularly by workers in the Food and Drug Admin* 
istretion* Fltzhugh, Nelson, and Frawley (1950) 
reporting on the chronic toxicity of benzene hexa* 
chloride and its Isomers indicated from hlstologl* 
cal studies that the chief organ damaged was the 
liver; 600 p*p*m* of gamma Isomer in the diet over 
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a 2Q-month period had a greater effect than 400 
p.p.m.; 100 p.p.m. showed very slight effect; and 
50, 10, and 5 p.p.m. caused no observable change 
or damage* 
Laug (1940) reported that of the tissues ex¬ 
amined much higher concentrations of toxioant were 
detected in the kidneys and the fat of rats on a 
diet containing $00 p.p.m. of lindane. That little 
or no lindane was found in the liver, the organ most 
damaged, might be explained on the basis of the low 
fat content of this tissue. Some excretion of tox¬ 
icant is notloed in the urine, with little or none 
appearing in the feces. 
Personal communications from Laug (1950), Leh¬ 
man (1950), and Davldow (1950) of the Food and Drug 
Administration indicate that lindane is preferentially 
stored in the fatty tissue of the ret, that storage 
is accomplished at approximately the rate of intake, 
end that it disappears rapidly (within 1 to 2 weeks) 
when the rats ere put on a lindane-free diet. 
CCOTITIOftB OF most?HE. The Wistar strain rats 
used in this exposure were secured from the University 
of Massachusetts. When exposed on June 30, 1950 they 
were about 30 days old end weighed 44 to 67 grams, 
averaging 56*2 grams. They were kept In an ordln- 
ary battery of round wire mesh cages on shelves 3 
to 5 feet high and supplied with food and water ad 
libitum. The control rats were held under somewhat 
more favorable physical conditions In a large base¬ 
ment room used principally for nutritional studies. 
The exposure room Is a small basement room In 
a dormitory on the University campus. Its dimen¬ 
sions are 7.5 by 8 by 14*5 feet, giving a volume of 
870 cubic feet. The floor, walla, and celling are 
concrete. The walls and celling are painted white. 
The Interior was clear except for a few pipes and 
electrical fuse and switch boxes. The only window 
Is a oonvantlonol steel framed cellar window ap¬ 
proximately 12 by 30 Inches which faces east. It 
was tightly closed during the exposures. The only 
door, also closed except for necessary use, is e 
steel fire door which fits relatively well Into 
the door frame except for a small crack approxi¬ 
mately 3/6-inch between the bottom of the door and 
the floor. The average monthly air temperatures 
are given in table 145* The daily range in temper¬ 
ature was small. 
• 145 - 
Average Air Temperature Records & 
Months for the Exposure Room. 
Month (1950) Average 
room 
temp* °C. 
Month {1951) Average 
room 
temp. °0 
July 27.3 January 25.3 
August 29.4 February 25.0 
September 27.5 March 26.2 
October 28.2 April 26.6 
November 26.9 May 28.6 
December 26.1 June 27.6 
\ 
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In addition to the rata used In the experiment 
some other animals were exposed in the seme expo¬ 
sure room prior to9 and during the period covered 
by this test* Especially Important in this connec¬ 
tion was the exposure of 12 chiokens which were 
raised to broiler size during the period July 26 
to September 6t 1950* During the period the activ¬ 
ities of the chickens maintained a considerable 
amount of dust in the exposure room* Consequently, 
on September 8th, the rack of exposed rets was re¬ 
moved to the adjoining room while the exposure room 
waa swept* During the cleaning the window was left 
open* As soon as the dust settled the rats were 
returned to the room* Considerable dust from con¬ 
crete 9 food9 and soil was subsequently created in 
the room9 but since It was ordinarily visited but 
once daily it was not noticeable in the elr in the 
room* The food for the rats was kept In a metal 
container of 25-pound capacity which was loosely 
covered at first but later entirely uncovered* 
lindane was vaporized into the room from a 
single Aerovap (Table 147). Since the exposure room 
was not entirely under our oontrol§ the electricity 
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Rates of Lindane Evolution into 870 Cubic Foot 
Animal Exposure Room and Comparison with 
Commercial Usage* by Interval 
and Cumulatively* 
(Exposures begun June 30f 1950)** 
Date at Pave Heated Lindane lost Gms. lindane Ho* times 
end of Inter- tJuiau- In scrams lost/24 hr a, commercial 
interval vel letive inter- Cumu- Inter- Curnu- usage 
val lative val lative Inter- Cumu- 
vel lative 
8/4/50 35 35 17.62 17.62 0.503 0.503 11.6 11.6 
8A6/50 12 47 7.31 24.93 0*610 0.531 14.0 12.2 
9/11/50 26 73 30.13 55.06 1.159 0.755 26.7 17.4 
10/11/50*** 30 103 27.70 82.76 0.923 0.804 21.2 18.5 
1/20/51*** 101 204 50.46 133.22 0.499 0.653 11.5 15.0 
5/22/51*** 122 326 54.32 187.54 0.445 0.575 10.2 13.2 
6/26/51 35 361 40.05 227.59 1.144 0.630 26.4 14.5 
7/24/51 28 389 29.47 257.06 1.053 0.661 24.2 15.2 
7/31/51 7 396 4.11 261.17 0.587 0.660 13.5 15.0 
8/7/51 7 403 5.32 266.49 0.760 0.661 17.5 15.2 
8/14/51 7 410 5.40 271.89 0.771 0.663 17.7 15.2 
8/22/51 8 418 6.94 278.83 0.868 0.667 20.0 15.3 
8/28/51*** 6 424 9.14 287.97 1.47 0.679 33.8 15.6 
9/29/51 32 456 31.10 319.07 0.972 0.67 8 22.3 15.6 
1/14/52*** 107 563 58.07 377.14 0.543 0.670 12.5 15.4 
3/27/52*** 73 636 87.90 465.05 1.204 0.731 27.7 16.6 
5/9/52 43 679 25.78 490.83 0.600 0.723 13.8 16.6 
Commercial usage is considered to be 1 gram of lindane 
per day per 20,000 cubic feet* 
**Ia the 9 preoeediag days 1.67 grama of lindana were 
evolved disoontinuously in the exposure room* 
***Llndene was added to the Aerovap cup* 
wss off for occasional short periods end for frequent 
intervals during the first 3 weeks of October9 1951* 
The duration of these intervals during which the 
vaporizer was not in operation could not be deter* 
joined• The records of weight of lindane evolved 
suggest that these periods were relatively short* 
A satisfactory technique for analysis of the con* 
oentration of lindane in air waa not available until 
near the end of the experiment* Air samples taken 
during conditions similar to those existing through* 
out the experiment showed the concentration of lindane 
in air to be 0*19 microgram per liter* This is ap* 
proximately 10 times the concentration (0*013 to 
0*023 microgrems per liter) found in sample of air 
taken from a room of 199000 cubic feet where about 
1 gram of lindane was being evolved daily (Tatro 
1952)* 
The theoretical saturation level for lindane 
at 25° C* is 0*31 microgram per liter according to 
Balsonfs (1947) vapor pressure and 0*96 miorogram 
per liter according to Fulton (1952)* Therefore, 
the oonoentratlon of lindane in the exposure room 
was about 20 to 60 par cent of saturation* The mean 
commercial oonoentratlon (0*017 microgram per liter) 
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is 1.8 to 5*5 per oent of saturation (Graph 150). 
Two teats demonstrated that the concentration 
of lindane used was highly toxic to houseflies* Be* 
fore the rats were exposed it was found that 100 per 
oent mortality was obtained by a 3 hour continuous 
sxpoaure of flies to a rate of evaporation within 
the range subsequently used in the rat exposures* 
Ten and one*helf weeks after the rat exposures began9 
lots of 3 cagss (Spear 1951) of houseflies wsrs ex¬ 
posed for 109 20, 40 minutes, and continuously with 
results as shown in table 151* 
METHODS OF ANALYSES* The first ohemlcal analyses 
wsrs performed using the method of Davidow and Wood* 
ard (1949)* This method was based on the ether ax* 
traction of lindane from the tissues, its dehydro* 
chlorination to the trlehlorobonzenes, and the 
estimation of 1,2,4-trichlorobeazene by ultra* 
violet spectrophotometry* 
The second chemical analyses were made by the 
$oheeter«Hornsteln method (1952), a colorimetric 
determination for benzene hexaohloride* As compared 
to the previously described method of analysis, this 
colorimetric method approximates a sensitivity 100 
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Per Cant Mortality of Houseflies 
Exposed in Rat Exposure Room. 
Exposure Time Per Cent Mortality of Exposed Elies So# of 
Sra#' from Start of Exposure Elies 
1/2 12 3 Exposed 
10 minutes 5 35 73 65 127 
20 minutes 29 79 99 100 134 
40 minutes 33 89 100 138 
Continuous 29 87 100 139 
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times greater, and Is sensitive to as little as 5 
micrograms of lindane or benzene bexachloride. 
For biological assay an aliquot of the ether 
extract obtained in the chemloel analysis was used. 
The ether was evaporated and the residue taken up 
with carbon tetrachloride in order to remove any 
fat. The resultant filtrate wea evaporated and 
houseflies were exposed to the residue within 500 
milliliter Ehrlenmeyer flasks. Bioassay was used 
only with the 27 week group because of the lack of 
sensitivity of the ohemlcal analyses then available. 
For histological work the tissues were fixed 
with van der drift's solution, sectioned, mounted 
on slides, stained with Harris9 hematoxylin, and 
counter-stained with a mixture of eosln and phlox* 
ine. Examination of the slides was made by Dr. 
William A. Flnklesteln, Director of Laboratories, 
Knickerbocker Hospital, Hew York City. 
The first groups of rets were sacrificed with 
chloroform. Since this procedure was the apparent 
cause of minor damage to lungs and kidneys, subse¬ 
quent animals were eeorifioed by cerebral concus¬ 
sion. In the first case, the group was sacrificed 
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simultaneously but ware dissected individually as 
soon thereafter as possible. In the latter case 
each animal was dissected immediately after it was 
sacrificed. Dissections were completed within 2 
hours from the time the rats were removed from ex¬ 
posure. 
Frustration tests were attempted to reveal 
effects of exposure to lindane vapor which other¬ 
wise might not be apparent. Stimuli Included bells, 
lights, and a whistle. The responses were recorded 
on motion picture film. The pre-treatment response 
of the individual rats to such stimuli was not 
established nor practical for tests of suoh long 
duration. 
A schedule of teats performed on the rata is 
shown in table 154* Similar numbers of control 
animals ware used except in the excretion tests. 
PRELIMINARY RESULTS. In a preliminary study of the 
effect of lindane vapors on baby rats, .2 litters of 
day-old baby rata were exposed with their mothers 
in rectangular breeding cages having wire me&. 
fronts about 6 by 16 Inches end open bottoms about 
10 by 18 inches, resting on wire mesh trays. Each 
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Schedule of Teate Showing Numbers of 
Exposed Rata Used la Various Teats 
After Indicated Periods 
of Exposure* 
Weeks 
Exposed 
_Method of Examination 
Frustra- ixore- Bio- Hiato- Cheml- Totals 
tloa tioa essay patho- cal 
logical 
Individuals Used Per Test 
10 
15 
27 
52 
93 
4 
3 
2 
5 5 
2 
2 
6 
2 
15 
10 
a 
Totals 7 4 7 14 
155 
cage was supplied with excelsior for nesting mater* 
lal, a water bottle, and a metal dish of food* 
One litter of 10 babies was placed in a room 
of 16,000 cubic feet in which approximately 1 gram 
of lindane was being vaporized daily* The vapor* 
Ization rate had been maintained several weeks 
prior to this exposure* At the end of a 16-day 
exposure period the baby rats were all normal ex¬ 
cept for the runt of the litter whose hind feet 
were missing (apparently chewed off by the mother 
on a weekend when the food supply was exhausted)* 
This Injured baby rat recovered but waa definitely 
stunted* 
The second litter of B was exposed in a small 
room where lindane was being evolved at an average 
rate of 1*166 grama per day in 670 cubic feet (26*8 
times as much lindane per unit volume of air as in 
the commercial usage of 1 gram per day per 20,000 
cubic feet)* The vaporization rate in this room 
for the previous 6 weeks averaged 0*53 gram of 
lindane per day* Except for 1 baby which was found 
dead In the conical baffle of the food dish on the 
3rd day of exposure, the litter waa in apparently 
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normal condition at the end of 16 days exposure* 
This portion of the experiment was terminated at 
this time* 
Attempts at breeding exposed and control rats* 
i 
as tabulated In table 157* were begun when the rata 
were approximately 10 months old* Males were caged 
with 1 or 3 females for 3 or more oestral cycles 
(4*5 days}* Haring never had appreciable exercise* 
the rats were very fat* The males (weighing 350 
to 400 grams each) were never aeen to Indicate 
Interest In the females* Matings between exposed 
females and young aon-exposed males resulted In 1 
parturlatlon In controls and 1 In exposed animals* 
HS3ULT3 0£ LONO-T33M EXPOSURES* 
Results After 27 Weeks Exposure* At the end of 
27 weeks* 5 exposed and 3 control rats were saorl~ 
flced* Results from biological* chemical* and 
histological analyses are summarized in table 158* 
Neither biological nor ohemleal analyses indicated 
the presence of lindane* A summary of the hiato- 
logical results gives no evidence that the changes 
could be considered specific for the material to 
which the rets were exposed (Flnklesteln 1951a)* 
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Results of Attempted Ma times of Rota Exposed 
35 or More Weeks to Concentrated 
Liadage Vapor* 
(look teat was duplicated with control animals.) 
Test Animals Mated 
San-Female 
Days 
to¬ 
gether 
Age at 
mating 
(wKS*) 
Weeks 
exposed 
to lin¬ 
dane 
Repli¬ 
cates 
Results 
1 1 & 1 u 39 35 3 0 
2 1 k 1 16 43 39 1 0 
3 1 k 3 34 46 42 1 0 
3 51 47 
4 k 16 2 1 of 6 
1* 10 0 females 
parturi- 
ated 
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Frustration teats failed to demonstrate any 
apparent distinction between behavior of 4 control 
animals and that of 4 exposed rats* 
Results After 52 Weetea Exposure* A male and a 
female ret were sacrificed after 362 days continu¬ 
ous exposure to lindane in the exposure room de¬ 
scribed earlier* 'The results of histological exam¬ 
ination show no evidence of alteration due to lin¬ 
dane (Viaklesteln 1951b)* Neither bloassay nor 
chemical analysis was made of the tissues* 
In an earlier test to determine if cages were 
contaminated with the insecticide 9 a cage, which had 
been used to confine a rat in the concentrated lindane 
vapor for 10 months, was removed to an unoont ami acted 
atmosphere* The cage was provided with a cheesecloth 
cover so that flies oould be confined in the same 
space that was formerly accessible to the rat* When 
houseflies were introduced into the rat cage, all 
died within 4*5 hours* 
This result suggested that lindane might have 
been associated with the fur oil* Zf so9 the rats 
might Ingest considerable lindane by washing them¬ 
selves* In the investigation of this point, 4 rats 
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which had been continuously exposed for a year ware 
removed to an uncontaminated room* Two of the rats 
were thoroughly washed in warm soapy water* Then 
the pair of washed rats (1 male and 1 female) were 
confined in a single round unexposed cage* The on* 
washed pair (also 1 male and 1 female) were placed 
in a second round oage* Beginning IB hours after 
the rats ware removed from the exposure room, urine 
was collected on 38 cm* filter paper placed under 
i-inoh mesh wire serving as e floor for the cages* 
The filter papers were changed et 24-hour intervals* 
The wet papers were crumpled only as necessary to get 
them into quart fruit jars* fifteen 3-day old flies 
were added and the jar was covered with 1 layer of 
tarlatan cloth* A milk soaked cotton ball provided 
food for the flies* Urine from the washed rats 
showsd no evidence of toxicity to flies* Urine 
from the unwashed rats for the first 24-hour collec¬ 
tion period killed 12 of 15 flies while 2 of 15 con¬ 
trol flies died* Fly mortality thereafter decreased 
rapidly, remained below 40 per cent, and cessed after 
11 days* Chemical analyses confirmed these results 
for no lindane was are covered from the urine samples 
from the washed rats nor from the urine collected 
16X 
after the third day from the unwashed rats. 
Results After 93 Weeka Exposure. The exposures 
continued until 2 control rats end 2 exposed rats 
had dledf apparently from natural causes. It thus 
became apparent that the normal life span of these 
rats was nearly complete and the exposures were 
brought to a dose after 635 days or 21.5 months. 
The organs sectioned for histological examination 
wares liver, kidney, brain, lung, spinal cord, and 
gonad. Remaining portions of the liver, kidney, 
brain, and lung as well os fat were analyzed chem¬ 
ically (Table 162). Tissues of ret X-41, which 
died for apparently natural causes on the previous 
day, were included in the chemical analyses. 
The pathologist9a report stated: ’’Microscopic 
examination of the materiel submitted shows no 
evidence of significant pathological alterations 
suggestive of the action of a toxic agent” (Finkle- 
stein 1952). 
Frustration tests again felled to show any 
significant effect of the prolonged exposure to 
lindane vapor, little significance Is given to 
these results. 
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Results of Chemloal Analyses* of Adipose Tissue* 
Kidneys* Livers* Lungs* end Brain of Rata 
Sxpoaod to Lindane Vapor at 15 Times 
Commercial Conoentretion 
for 93 Weeks* 
Identifi- Tissue Weight of Lindane Average amount 
cation of analysed sample recovered of lindane in 
animal tissues of ex¬ 
posed animals 
X39 and X40 
grams mlcrogrems p.p.ffl. 
4C1, 
110 ' 
Adipose 
tissue 
5.590 6 
I239t 
X 40' 
Adipose 
tissue 
6.553 75 11.0 
lie Kidney 1.135 5 
X39 Kidney 2.519 68 25.5 
X40 Kidney 2.803 90 
XkX? Kidney 1.760 7 
lie Liver 4.759 9 
X39 Liver 5.909 18 0 
x&o Liver 5.054 10 
XU Liver 4.340 9 
no Lung 3.116 4 
X39 Lung 3.170 10 2.0 
X40 Lung 1.709 5 
XU Lung 2.723 5 
no Brain 1.488 4 
X39 Brain 1.506 4 0 
X40 Brain 1*709 5 
X41 Brain 1.793 3 
♦Chemical analyses by 3ohecter-Hornsteia method* 
^ C * control animals 
2 X * experimental animals 
3 X41 - animal died naturally several hours before 
dissection* 
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EFFECTS ON OTHER ANIMALS. Other animals have been 
exposed under the seme or similar conditions. 
Commercial use of vaporized lindane at rates of 
1 gram per 24 hours per 15»000 to 20t000 cubic 
feet is toxic to canaries (Moore 1951) and tropical 
fish which are maintained in aquaria without water 
changes (Schulze, Sweetmen and Spear, In Press). 
Pigeons (Moore 1952) and chickens (unpublished date) 
have shown no adverse effect from commercial or 
much greater concentrations of lindane vapor. Ex¬ 
haustive medical examinations of 5 persons who had 
been subjected to repeated exposure to concentra¬ 
tions far in excess of commercial usage revealed no 
symptoms attributable to benzene hexachloride poison¬ 
ing (Island 1950* 
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SUMKABY Am CONCLUSIONS 
In continuous vaporization, chemicals are 
constantly heated for slow volatilization into 
enclosures* Insecticides so dispersed control 
Insects by continuous space treatment* this nearly 
automatic process has found wide acceptance in the 
United States* 
Pertinent principles of physical chemistry 
ere reviewed and certain applications of them are 
illustrated* 
Vaporization rates for 12 insecticides were 
determined (Graph 31) by measuring weight loss per 
unit of time at given temperatures* Such rates 
are useful in estimating hazards, effectiveness, 
and cost of treatments or to indicate the order 
of the vapor pressures of lnsectioldes (fable 36)* 
Bates of evaporation are influenced by the type of 
heating equipment employed, but where curves of 
weight loss against temperature are plotted, the 
slopes tend to be similar for a given insectlolde 
regardless of the container used* 
Many factors separately or collectively, di¬ 
rectly or indirectly, may Influence re tea of vapor** 
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ization from electrically heated vaporizers. Higher 
voltages cause higher vaporization rates due to 
"overshoots** of heat at each cycling of the thermo¬ 
stat. Measurement of temperature In the field Is 
not a precise operation and may he the cause of 
apparently unreliable operation. The insectioIda 
mass Itself undergoes structural changes if heated 
below Its melting point. Vaporization rates may 
vary with the temperature of the surrounding air. 
Thesef and othar conditions whioh have not been ex¬ 
amined, will vary in relative importance with differ¬ 
ences in vaporizer construction and are basically 
problems related to heat transmission to the insect¬ 
icide. On the other hand, there are variants within 
the insecticide such as purity and alteration of 
the insecticide mass. Finally, there la the effect 
of barometric pressure whioh permits higher rates 
of evaporation to occur at higher elevations. 
Restriction of rates of evolution by means 
other then temperature adjustment was investigated 
principally to find an economical substitute for 
the use of thermostats. In order to be reliable 
during continuous service and flexible enough for 
adjustment to any desired point in a wide tempera- 
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ture range, thermostats are necessarily expensive* 
Annular disks located over the lindane in e heated 
cup served to depress the rate of evaporation if 
the openings were 1*75 to 2*0 inches9 but if the 
openings were 1*0 or 1*25 inches! evaporation was 
accelerated* The use of a disk opening of 0*5 
inch resulted in Irregular evolution as the open¬ 
ing became blooked by crystals* Similar disks 
placed on the insecticide also caused the rate of 
evaporation to be irregular* 
Talc was selected as the inert material moat 
suitable for admixing with lindane to depress its 
rate of evaporation* It was found that talcs high 
in iron oxide or water oontent caused decomposi¬ 
tion of the Insectlolde when heated* An oily talc 
made uniform mixture difficult* Preliminary and 
prolonged heating of different combinations of 
lindane and talc demonstrated that reductions in 
rate of lindane evolution were proportional to 
the amount of talc in the mixtures* Mortality of 
exposed houseflies closely reflected the weight of 
lindane evolved! demonstrating that the lindane 
vaporised was not decomposed* From graph 91 mix- 
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turea of talc and lindane my be chosen to give de¬ 
sired rates of lindane evolution between 0,3 and 0.6 
gram per day from an Aerovep maintained at 110° C. 
By continuous vaporization there Is continuously 
maintained throughout the spaoe being treated a con¬ 
centration of Insecticide which may be lethal to 
insects but not dangerous to humans normally occupy¬ 
ing the same space* Safety requires dependable, 
accurately regulated vaporizers* The amount of 
insecticide evolved must be related, not to the 
space in the enclosure but to the volume of air 
being treated* This requires knowledge of the 
dally air changes within the room* Proper main¬ 
tenance of vaporizers includes replenishment of 
the insecticide, and inspection to ascertain that 
the proper operating temperature is maintained* 
Continuous spaoe treatment is an efficient method 
of insect control but it should be considered as 
an adjunct, not a substitute for standard practices 
of insect control such as screening and sanitation* 
Lindane and DDT have been used commercially 
at the rate of ©bout 1 gram per day per 15,000 to 
20,000 cubic feet* At this rate and with typical 
ventilation, DDT condenses to form droplets of 
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aerosol size* The droplets remain liquid 4 to 5 
days* An Inhibitor to decomposition must be used 
when DDT is subjected to long heating* Undone 
exists as a vapor and the Insecticidal concentra¬ 
tion is about 0*017 mlorogram per liter or approx¬ 
imately 5 per cent of saturation based on 3alsonfe 
vapor pressure values* 
When mixtures of DDT and lindane are heated 
at a given temperature in an Aerovap: (1) initial 
rates of evaporation are higher than for pure mater¬ 
ials heated at corresponding temperaturesf (2) the 
dally weight loss of the mixed insectioIda decreases 
rapidly, (3) most of the more volatile insecticide 
(lindane) is evaporated in the first few days of 
heating, (4) insect kill is rapid while the rate 
of evaporation and the lindane content are high but 
In 6 weeks or less insect kill becomes very slow as 
the lindane in the mixture is exhausted* For the 
purpose of vaporizing mixtures of lindane and DDT 
it appears impractical adequately to oontrol the 
temperature of a vaporizer to achieve a uniform 
rate of daily weight loss* 
A number of other insecticides hove bean con- 
169 
siderad for vaporisation but all have disadvantages 
which up to the present time have not been overcome* 
In order to appraise the hasard of long*term 
exposure to lindane vapor, laboratory rats were ex* 
posed in an 870 cubic foot basement room containing 
a vaporizer which evolved lindane over a 93-week per* 
iod et an average rate of 0*723 gram per 24 hours 
(range 0*445 to 1*47 grams per 24 hours)* The average 
rate was 16*6 times the commercial use of 1 gram per 
day per 20,000 cubic feet* Samples of air from the 
exposure room near the end of the experiment indicated 
that the concentration of Undone in air was 0.19 
miorogram per liter* This concentration la epproxi* 
mately 10 times the concentration which has been found 
under the commercial use of a vaporizer* 
Baby rata exposed for their first 16 days of 
life showed no apparent damage* Results from matings 
of exposed rets were inconclusive* Lindane apparently 
becomes associated with the oil on rat fur* ^hen un* 
washed rats which had been exposed for a year were 
removed to an unoontaminated room, their urine ocn* 
tained lindane for 3 or more days, but the urine 
from washed rats showed no detectable lindane* Hist* 
©pathological examination of animals after 27, 52, and 
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93 weeks of continuous exposure revealed no evidence 
of tissue damage due to lindane* Chemical analyses 
of rata continuously exposed for 93 weeks resulted 
in the finding of 2 p*p*m. of lindane In lung tis¬ 
sue, 11 p*p*m* in fat, and 25*5 p*p*m* In kidney* 
Ko lindane was found in liver or brain tissue* 
The fact that extended exposures of rats to 
very high concentrations of lindene vapor produced 
no adverse effects suggests that humans are not 
likely to be affected by ordinary exposures to 
llndena when vaporized in amounts approximating 1 
gram per 20,000 cubic feet* 
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Appendix A 
Table 1. 
Data for preparation of vaporisation curve 
for Naphthalene insecticide* 
Cup No* Prior Da/a Aver* Well Wt* lose per 
Heated Temp* 24 Hours 
ccuot 0 64*0 5.79 
• 2 66.0 7.94 
8 72*5 11.30 
CCLXXII 0 66.0 4.97 
2 63.0 9*64 
6 ~ 71.0 6.73 
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Appendix A (continued) 
Table 2m 
Data for preparation of vaporization curve for 
Azobenzene insecticIda. 
Cup No* Prior Days Aver* Well Wt. lose per 
Heated Temp* 24 Hours 
CLXVI 0 72.2 1.32 
1 68.65 0.996 
2 72.7 1*059 
3 76.1 1.62 
4 77.3 1.64 
5 76.6 1.61 
6 76.1 1.555 
7 76.1 1.68 
8 72.7 1.44 
9 75.6 1.526 
10 78.15 1.615 
11 78.6 2.05 
12 78.5 1.815 
13 79.25 1.65 
14 77.25 1.831 
15 77.1 1.543 
17 78.25 1.875 
18 77.6 1.662 
19 79.95 2.07 
20 57.2 0.475 
21 57.55 0.191 
22 57.0 0.301 
23 57.1 0.143 
24 57.9 0.242 
25 57.25 0.189 
26 56.15 0.166 
27 56.1 0.107 
28 52.6 0.105 
29 65.7 0.437 
30 65.9 0.324 
31 65.75 0.551 
32 65.95 0.839 
33 66.0 0.773 
0 79.0 1.77 
1 77.5 1.47 
CC1XI1I 
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Appendix A (continued) 
Table 2* 
V 
Page 2 
Cup Ho* Prior Baya Aver. Well Wt« Loss per 
Heated Temp* 24 Houra 
ccmix 
CCCX7 
2 78.0 1.63 
3 74.3 1.43 
5 74.0 1.14 
6 69.0 1.16 
7 75.0 1.19 
8 75.0 1.24 
9 72.0 1.13 
11 76.0 1.29 
12 79.0 1.64 
13 78.0 1.46 
14 102.2 7.55 
15 102.0 6.94 
16 102.0 6.50 
1 52.0 0.08 
2 52.0 0.04 
5 51.0 0.10 
6 51.4 0.06 
7 50.0 0.06 
8 51.8 0.05 
0 109.6 9.13 
1 109.0 9.15 
2 109.7 6.36 
5 107.2 7.89 
6 108.9 7.59 
7 108.5 6.63 
CCCX7I 
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Appendix A (continued) 
Table 3* 
Data for preparation of vaporization curve for 
(A Butoxypolypropylene glycol) "Crag." 
Cup Ho* Prior Days Aver* Well wt. Loss per 
Heated Temp* 24 Hours 
ccm 
CCXIV 
0 72.5 0.37 
1 73.5 0*55 
2 73.5 0.34 
4 105.0 2*32 
0 102.0 1.56 
1 99.0 1.51 
2 101.6 1.71 
3 101.5 1.66 
5 101.0 1.48 
6 110.0 10.12 
7 99.0 0.88 
12 97.0 2.09 
13 102.7 2.27 
16 96.0 1.50 
17 103.7 2.57 
21 101.0 2.48 
23 97.0 2.22 
27 100.0 2.67 
30 107.0 1.85 
33 100.0 2.48 
34 99.0 2.70 
36 100.0 2.05 
42 79.0 0.82 
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Appendix A (continued) 
Table A. 
Data for preparation of vaporisation curve for 
DF3T insecticide# 
Cup Ho# JTior Days 
Heated 
Aver# Well 
Temp. 
Wt# Loss per 
24 Hours 
CXKV 0 1X9.6 5.19 
1 125*0 6.9 
2 105.0 2.75 
3 90#0 0.927 
4 90# 0 1*0 
18? 
Appendix A (continued) 
Table 5. 
Date for preparation of vaporization curve for 
OMC insecticide# 
Cup No. Prior Days Aver# Well Wt* Loas per 
Heated Temp. 24 Hours 
CCCXIII 
CCCXIt 
cccxxrxxx 
1 121.0 4.35 
2 121.2 4.14 
5 121.5 3.81 
6 120.5 3.32 
7 120.0 3.09 
8 121.51 2.68 
1 100.5 1.47 
2 100.1 1.22 
5 99.7 1 • 18 
6 99.8 1.16 
7 99.5 1.15 
8 100.5 1.00 
13 104.8 1.06 
14 99.8 0.96 
15 99.2 0.99 
16 74.8 0.14 
19 77.5 0.15 
20 78.6 0.11 
21 75.7 0.08 
22 78.3 0.15 
23 79.8 0.16 
26 79.0 0.13 
27 80.2 0.14 
28 77.9 0.12 
1 90.5 0.5 
2 90.0 0.39 
4 89.9 0.42 
6 89.7 0.42 
1 108.2 1.00 
2 108.6 1.59 
3 106.2 2.01 
A 106.0 1.75 
6 107.6 1.60 
8 107.5 1.64 
CCCXXIX 
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Appendix A (continued) 
» . 
Table 6* 
Data for preparation of vaporization curve for 
lindane insecticide* 
Cup Ho* Prior Days Aver* Well Wt* loss per 
Heated Temp* 24 Hours 
IXQ3CIX 
ccmx 
ccuotra 
0 125*5 11.793 
1 123*0 9.807 
0 113.4 1.32 
7 113.6 1.33 
15 111*9 1.36 
21 114.4 1.35 
0 133.0 20.5 
1 134.0 21.0 
2 133.5 19.1 
3 132.0 19.1 
2 98.5 0.24 
11 94.0 0.18 
U 93.0 0.15 
15 92.5 0.13 
18 92.7 0.17 
20 92.5 0.14 
23 90.5 0*12 
25 90.0 0.14 
30 90.0 0.12 
32 90.0 0.12 
35 89.7 0.12 
37 90.0 0.10 
39 89.5 0.13 
42 89.7 0.13 
44 89.0 0.12 
0 110.0 1.02 
1 110.0 1.02 
4 no.o 1*26 
6 111.0 1.29 
11 111.0 1.36 
13 111.0 1.23 
15 111.0 1.22 
CGC1IIX 
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Appendix A (continued) 
Table 6. Page 2 
Cup Ho. Prior Dsys Aver. Well Wt. loss p 
Heated Temp. 24 Hours 
CCCLXX1 18 110.0 1.03 
20 110.0 1.26 
22 110.0 1.14 
25 110.0 1.16 
27 109.5 1.18 
29 ni.o 1.13 
32 110.0 1.14 
34 110.5 1.30 
36 110.0 1.19 
41 109.0 1.21 
43 110.0 1.10 
46 109.5 1.13 
48 109.0 1.25 
53 no. 5 1.11 
55 110.0 1.14 
57 109.0 1.26 
60 no.o 1.44 
62 109.0 1.35 
cxmz l 112.1 1.214 
2 110.9 1.015 
4 111.2 0.919 
5 112.0 0.895 
6 110.1 0.831 
8 114.5 0.817 
11 112.5 1.053 
12 111.8 0.903 
13 111.6 0.893 
14 111.5 1.004 
15 113*2 1.248 
16 111.5 1.128 
17 110.9 1.0 
19 no. 5 0.985 
20 111.7 0.980 
21 112.3 0.916 
22 112.8 0.963 
23 111.3 1.205 
25 108.9 1.089 
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Appendix A {continued) 
Table 7. 
i ’ . 
Date for preparation of vaporization curve for 
Flperoayl butoxide insecticide. 
Cup No. Prior Day© Aver. Well Wt. loss per 
Heated Temp. 24 Hours 
XIII 0 126,6 3.00 
2 127.5 4.72 
3 123.0 1.63 
4 123.0 1.74 
5 128.0 1.29 
XV 1 2.06 
2 1.74 
3 1.39 
CCVIII 1 106.0 1.41 
2 111.2 1.02 
3 110.5 0.663 
5 110.7 0.933 
CCIX 1 112.0 0.992 
2 111.6 0.875 
3 110.0 0.807 
5 110.6 0.627 
Appendix A (continued) 
fable 8. 
Data for preparation of vaporization curve for 
Dltolyl trichloroethane Insecticide* 
Cup No* Prior Days 
Heated 
Aver* Well 
Temp. 
Wt* Loss ; 
24 Hours 
CCLXVII 0 108.0 0.70 
2 uo.o 0.66 
8 119.0 1*24 
11 120.0 1*20 
u 116*0 1.17 
25 118*0 1.12 
28 119.0 1.18 
32 114.0 1.09 
34 115.0 1.09 
37 114.0 1.08 
39 116.0 0.96 
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Appendix A (continued) 
Table 9. 
Data for preparation of vaporization curve for 
Sulphur insecticide* 
Cup Ho* Prior Days Aver* Well Wt. lose per 
Heated Temp* 24 Hours 
ccucra 2 108*0 0*01 
8 108*0 0*03 
11 107*0 0*02 
14 108*0 0*01 
25 108.0 0.02 
28 106*0 0.007 
32 107.0 0.005 
34 107.0 0.007 
37 105.0 0*005 
39 106*0 0*02 
44 107.0 0*00 
46 107.0 0*01 
49 119.0 0.05 
51 118.0 0.09 
53 116*0 0.05 
56 118.0 0*03 
58 112*0 0.05 
60 119.0 0*04 
64 116.0 0.06 
67 116.0 0.05 
70 U7.0 0.08 
74 125.0 0*18 
75 124.5 0.82 
80 123.0 0.94 
81 126.1 0.87 
82 126.0 0.70 
83 126.3 0.70 
86 126.0 0.69 
87 127.3 0.63 
88 127.2 0.61 
89 136.0 1.18 
90 133.5 1.14 
93 133.7 1.23 
94 136.5 1.14 
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Appendix 
Table 9* 
Cup Kb* 
CGLXVII 
(continued) 
Page 2 
Prior Days 
ilea ted 
Aver* Well 
Temp* 
Wt* lose per 
24 Hours 
95 136.1 1.19 
96 146*6 2.60 
98 147.7 1.96 
101 147.1 2.06 
102 145.5 1.96 
103 146.3 3.16 
Appendix A (continued) 
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Table 10. 
Data for preparation of vaporization 
CS-645A Insecticide* 
Oup HO* Trior Days Aver* Well 
Heated Temp* 
CLXX 1 111.9 
2 112.2 
3 108.4 
4 110.2 
5 108*5 
6 110.5 
7 104*2 
8 105*0 
9 103*9 
10 102*8 
11 104*0 
12 101.0 
13 101*0 
14 104*7 
15 103*0 
16 107.0 
17 124*1 
18 122*6 
19 123*5 
20 122*0 
21 122.0 
22 123.0 
23 123*5 
24 123*0 
2? 125.0 
26 123.5 
27 121*5 
28 120*5 
29 121.9 
30 122*4 
31 123*6 
32 129*9 
33 126.0 
34 129*9 
35 130*1 
36 136.7 
37 136.9 
curve for 
Wt* lose per 
24 Hours 
0.451 
0.399 
0*262 
0*294 
0*320 
0.259 
0.160 
0.169 
0.151 
0.123 
0*120 
0*124 
0.135 
0.130 
0.125 
0.129 
0.531 
0*462 
0.47 8 
0.431 
0*449 
0*447 
0.472 
0*465 
0.251 
0.607 
0.394 
0*411 
0*501 
0*416 
0*417 
0.712 
0*662 
0.652 
0.671 
0*962 
1.057 
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fable 10. 
Cup Kb* 
(continued) 
Prior Day# 
Heated 
Aver* Well 
Tenp. 
Page 2 
wt. loss per 
24 Hours 
CL1X 38 136.3 1.008 
39 132.2 1*019 
40 133.0 0*987 
41 135.4 1*012 
42 135.6 0*923 
43 142.5 1.711 
44 141.5 1*662 
49 141.0 1.533 
46 141.0 1.589 
47 138.5 1*692 
48 140.0 1*638 
49 141.7 1* 828 
50 140.8 1*624 
51 141.4 1.539 
52 140.4 1.617 
53 141.0 1.633 
54 139.5 1*429 
55 140.6 1.439 
56 135.4 0*972 
57 136.0 0.982 
56 135.3 0.923 
59 135.1 1.012 
60 134.6 0.879 
61 132.5 0*942 
62 135.3 0*884 
63 135.4 0*838 
64 134.3 0*888 
65 134.5 0*853 
66. 134.6 0*912 
68 133.8 0*849 
69 134.7 0.783 
70 134.0 0.762 
71 134.4 0.787 
72 133.9 0*776 
73 149.3 2.133 
74 163.6 5.290 
75 162.3 5.500 
76 162.0 4.530 
77 155.7 2*853 
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Table 11* 
Data for preparation of vaporization curve for 
Gup Ho. 
Dleldrln 
Prior Days 
Heated 
inaeotioide. 
Aver. Well 
Temp. 
Wt. loan per 
24 Hours 
CC1III 3 135.8 0.26 
5 133.0 0.29 
7 134.5 0.25 
10 126.0 0.19 
11 136.0 0.30 
12 138.0 0.34 
13 135.5 0.36 
14 134.5 0.33 
15 132.0 0.40 
16 133.0 0.40 
17 132.5 0.34 
18 137.0 0.41 
19 136.0 0.52 
20 137.0 0.52 
21 136.0 0.65 
23 135.0 0.59 
24 134.5 0.41 
CCLVI 3 • 145.6 1.16 
5 147.0 0.78 
cclvh 12 119.0 0.13 
18 123.0 0.14 
21 122.3 0.09 
22 122.5 0.18 
23 122.0 0.14 
24 * 122.0 0.14 
25 121.0 0.15 
26 123.0 0.12 
27 122.0 0.13 
28 123.0 0.14 
29 122.0 0.13 
30 119.0 0.11 
Appendix A (continued) 
Table 11 
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Cup No* Prior Days 
Heated 
Aver* Well Wt* lose per 
Temp* 24 Hours 
CC1V1I 31 121*0 0.11 
32 120*5 0*12 
33 120.5 0*12 
34 120.5 0.13 
35 120.5 0*14 
36 119.0 0.15 
37 120*0 0*16 
36 122*0 0.17 
39 120*0 0.15 
40 118*0 0*14 
42 123.0 0*12 
43 118*0 0*12 
44 120*0 0*16 
45 122*0 0.13 
46 120*0 0.13 
47 121*0 0.11 
46 118*0 0.12 
49 122*0 0.11 
50 120.0 0.08 
52 120.0 0.09 
53 120.0 0*11 
54 119.0 0.10 
56 122.0 0.09 
57 124.0 0.08 
58 122*0 0.09 
59 120.0 0.09 
61 122.0 0*12 
62 122*0 0.19 
66 120*0 0.14 
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fable 12. 
Date for preparation of vaporization curve 
N*»propyl isome insecticide. 
Cup Ho. Prior Days Aver. Well wt. 
Heated Temp, 24 
COX 1 
2 
3 
1 
CCXI 1 
2 
3 
1 
ccxrci i 
2 
3 
5 
ccxrai 2 
3 
4 
6 
123.5 0 
120.6 0 
119.2 0< 
122.5 0 
122.5 0 
119*0 0 
120.0 0, 
119.0 0 
113,0 0 
113.0 0 
131.3 0 
131.0 0 
131.0 0 
132.0 0 
• 
105.0 0 
106.8 0 
106.5 0 
106.0 0 
for 
Lose per 
Hours 
313 
284 
210 
215 
214 
276 
225 
193 
194 
153 
635 
571 
562 
505 
196 
176 
134 
147 
199 
Appendix B 
Date for preparation of vaporization curve for 
lindane from pyrex oup* 
. •, / 
Cup No* Prior Days Aver* Well Wt* Loae per 
Heated Temp* 24 Hours 
D7 
D8 
D9 
3 124.0 7.X 
4 125.0 7.65 
5 126.0 6.0 
7 128*0 9.35 
8 128*0 10.03 
9 126*0 10.16 
10 126.0 7.95 
3 122*0 4.66 
4 122.0 4.15 
5 122.0 4.1 
7 124.0 4.1 
8 . 122*0 3.95 
9 123.0 4.45 
10 122*0 3.68 
11 123.0 3.46 
12 122.0 3.1 
14 122.0 2.96 
15 121.0 2.21 
17 121.0 2.52 
19 122.0 1.88 
22 120*0 2.34 
23 120*0 1.79 
24 120.0 3.36 
3 116.0 1.14 
4 116.0 1.24 
5 116.0 1.20 
7 116.0 1.05 
8 114.0 1.16 
9 118*0 1.3 
10 116*0 0.84 
11 115.0 1.36 
12 112.0 0.66 
/ 
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Cup No* Prior Days Aver* Well 
Heated Temp* 
wt. lose per 
24 Hours 
D9 
DIO 
DU 
14 114*0 0.96 
15 114.0 0.90 
16 U4.0 0.96 
17 115*0 0.91 
19 U3.0 0.83 
22 115*0 0.94 
23 U4.0 0.96 
24 115*0 1.02 
25 115.0 0.95 
26 117.0 0.84 
3 128*0 10.06 
4 128*0 8.65 
5 127.0 8.4 
7 125.0 7.2 
8 126*0 8.5 
9 125.0 9.15 
3 U6.0 0.88 
4 115.0 0.94 
5 U6.0 0.96 
7 U5.5 0.95 
8 116*0 1.1 
9 116.0 1.4 
10 117*0 1.12 
U 115.0 1.19 
12 U5.0 1.07 
14 115.0 0.85 
15 115.0 1.07 
16 U7.0 1.00 
17 U5.0 1.27 
19 114.0 0.81 
22 115.0 0.99 
23 U4.0 0.88 
24 113.0 1.12 
25 U2.0 0.97 
26 116.0 0.84 
1 100*0 0.216 
2 101*0 0.3 
3 100*0 0.268 
D25 
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Cup Ho# Prior Bays Aver# Well 
Hented Temp# 
D25 
026 
4 100#C 
5 100.0 
6 100.0 
12 100.0 
13 100.0 
15 1QQ.0 
16 100.0 
18 100.0 
20 100.0 
22 100.0 
1 101.0 
2 103.0 
3 103.0 
4 103.0 
5 104.0 
11 103.0 
12 106.0 
U 107.0 
15 107.0 
17 105.0 
19 105.0 
21 106.0 
Fag* 3 
Wt. Lose par 
24 Hour# 
0.184 
0.276 
0.246 
0.126 
0.26 
0.2$ 
0.195 
0.24 
0.22 
0.26 
0.32 
0.186 
0.316 
0.282 
0.284 
0.168 
0.32 
0.388 
0.356 
0.332 
0.37 
0.34 
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Data for preparation of ts pari s&at ion ourve for 
lindane from metal cup with pyrex liner* 
Cup Ko. Prior Day a Aver. Well wt* Loss per 
Heated Temp. 24 Hours 
CCCXL 
cccxin 
CCCXLIII 
1 118.0 0.72 
2 118.0 0.65 
3 118.0 0.74 
5 117*0 0.80 
6 118.0 0.735 
7 117*5 0.75 
8 117.0 0.83 
9 118.0 0.759 
11 117.0 0.78 
12 116.0 0.74 
13 116.0 0.80 
15 118.0 0.75 
16 118.0 0.93 
19 116.0 1.02 
20 117.0 0.95 
21 117.0 0.90 
2 124.0 2.5 
3 123.0 2.22 
4 124.2 3.4 
6 124.5 2.8 
7 124.0 2.64 
8 124.5 2.66 
9 124.0 3.12 
10 125.0 2.85 
12 124.5 2.34 
13 125.0 2.56 
14 125.0 2*84 
16 124.0 3.1 
2 121.0 1.89 
3 121.0 1.94 
4 121.5 1.84 
6 122.0 1.86 
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Cap No* Prior Days Aver* Well wt* Loss per 
Heated Temp* 24 Houra 
CCCXLIXI 
CCCXLIV 
CCCXLVI 
7 122*0 1.75 
8 120*0 1.89 
9 119*0 1.64 
10 127.0 2.9 
4 112*0 1.11 
6 114*0 0.69 
7 118*0 0.58 
8 117.0 0.64 
9 106*0 0.53 
10 114*0 1.00 
12 116*0 1.6 
13 118*0 0.85 
14 118*0 0.74 
16 117*0 0.93 
17 118.0 0.86 
2 122*0 2.12 
3 121*0 1.67 
4 121.0 1.50 
6 121*0 1.47 
7 121*0 1.44 
8 123*0 1.56 
9 124*0 1.84 
10 121*0 2.04 
12 121*0 1.75 
13 122*0 1.84 
14 119*0 1.91 
16 119*0 1.92 
17 120.0 1.91 
22 121,0 1.35 
2 127.0 7.01 
3 127.0 7.48 
4 126*$ 7.00 
6 128*0 6.25 
7 128*0 6.6 
8 127*0 7.2 
9 127.0 7.1 
10 127*0 8.3 
CCCXLVIII 
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Cup No# Prior Days 
r{8 Q t» ad 
Avar. Wall 
Temp. 
Wt. loss par 
24 Hours 
CCCXLIX 
/ 
CCCL 
2 114*0 0.50 
3 112*0 0.55 
4 115*0 0.58 
6 116.0 0.61 
7 116.0 0.56 
8 115.0 0.62 
9 116.0 0.85 
10 116.0 0.61 
12 116.0 0.54 
13 116.0 0.56 
14 116.0 0.65 
16 116.0 0.66 
2 113.0 0.52 
3 112.0 0.505 
4 113.5 0.55 
6 112.0 0.495 
7 114*0 0.48 
8 114*0 0.50 
9 111.0 0.725 
10 112*0 0.52 
12 112.0 0.45 
13 112.0 0.56 
14 111.0 0.437 
17 111.0 0.438 
20 114*0 0.47 
21 112.0 0.444 
22 112.0 0.56 
2 126.0 4.65 
3 126.0 3.71 
4 122.0 2.31 
6 122.0 1.70 
7 122.5 2.88 
8 122.0 2.34 
9 125*0 3.53 
10 124*0 4.14 
4.06 12 124*5 
13 125.0 2.67 
CCCU 
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Cap Ho. Prior Days Aver. '<#eil 
Heated Temp. 
Wt. loss per 
24 Hour® 
CCCLI 
cccmx 
CCCLIV 
CCCX? 
CCCLTI 
w 124*5 4.30 
16 123.0 2.66 
X 101.0 0.266 
2 103*0 0.3 
3 102.0 0.24 
4 102.0 0.151 
5 103.0 0.272 
IX 103.0 0.166 
X2 103.0 0.26 
14 103.0 0.239 
X5 103.0 0.264 
X7 102.0 0.232 
19 101.0 0.32 
21 102.0 0.236 
v * 
X 110.0 0.49 
2 110.0 0.435 
14 103.0 0.55 
15 103.0 0.55 
17 105.0 0.55 
19 105.0 0.55 
21 106.0 0.47 
X 109.0 0.56 
2 106.0 0.41 
3 109.0 0.483 
4 110.0 0.46 
5 110.0 0.45 
11 109.0 0.374 
12 111.0 0.50 
14 111.0 0.45 
15 110.0 0.54 
17 111.0 0.22 
19 111.0 0.75 
21 107.0 0.35 
1 114.0 0.62 
2 113.0 0.47 
3 114.0 0.50 
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Cup No* 
CCCXVI 
5 
Prior Days Aver* Well Wt* Loss per 
Heated Temp* 24 Hours 
4 114.0 0.51 
10 112.0 0.495 
11 114.0 0.425 
13 111.0 0.45 
a : 111.0 0-55 112*0 0.525 
18 112.0 0*51 
20 112.0 0.56 
21 112*0 0.575 
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Appendix D 
Form fop compiling data on chemicals for 
use in vaporization. 
NAME 
CHEMICAL DEFINITION 
OTHER NAMES 
FORMULAE; Empirical 
MOLECULAR WEIGHT _ 
PHYSICAL FORM 
COMMERCIAL GRADES 
ODOR _ 
COLOR  
SPECIFIC GRAVITY _ 
MELTING POINT _ 
BOILING POINT _ 
STABILITY; 
USE 
Structural 
Solubility 
Heat _ 
Chemical 
VAPOR PRESSURES 
: Temp. Press. : : Temp. Press• : ♦ 
• 
• 
• 
e ♦ • • 
; ♦ • • • ♦ 
• 
• 
* e • * e * 
♦ e • • * * * 
: : : # * ♦ a 
Heat of Vaporization _ 
Density of Vapor (air * 1} 
temp, range 
where 
io« 10* - - + b 
Heat of Fusion 
Specific Heat 
REMARKS 
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TOXICOLOGY 
Acute - Orel 
Bernal 
/ 
Vapor 
Banger Levels 
Chronic Oral 
Dermal 
Vapor 
Tissue Storage 
Symptoms & Antidotes 
ravT^roxiciw 
XfrromLCGXCAL mLICAYXO&S 
Insect LD 50*B Application 
BKJH&BCE8 
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